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TWENTY-THIRD ANNUAL REPORT. 



TO THE MOST HONOURABLE 

THE MARQUESS OF LINLITHGOW, K.T., G.C.M.G., 

His Majesty^ 8 Secretary fm* Scotkmd* 



Office of The Fishebt Board 

for s(x)tiand, 

Edinburgh, 30^^ June 1905. 

My Lord Marquess, 

In continuation of our Twenty-third Annual Seport» 
we have the honour to submit — 

PART III— SCIENTIFIC INVESTIGATIONS. 



GENERAL STATEMENT. 

This part of the Twenty-thii-d Aiyiual Report deals with the 
scientific investigations conducted by the Board in 1904 in con- 
nection with the sea fisheries of Scotland, so far as these have been 
completed, by means of the Parliamentary Vote granted for the 
purpose. 

The scientific work has been carried out and the scientific report 
prepared under the supervision of Dr. T. Wemyss Fulton, the 
Scientific Superintendent. 

The researches have been made for the most part at the Board's 
Marine Laboratory at the Bay of Nigg, Aberdeen, which was 
erected and equipped some years ago. The sea-fish hatchery is 
also situated at the same place, and a statement as to its opera- 
tions during the year will be found below. The provision of a 
suitable boat in connection with the Laboratory would be of much 
advantage in carrying on the investigations. 

The investigations mto the condition of the fishing grounds, more 
particularly in the Moray Firth and Aberdeen Bay, which were 
begun five years ago by means of steam-trawlers, were continued 
last year as frequently as circumstances allowed. One of the 
chief objects of these trawling investigations is to ascertain as far 
as possible the changes which may 03cur in the abundance of the 



Digitized by 



Google 



6 Part III. — TweiUy-tJUrd Annual Report 

food and other fishes on the grounds visited in different years and 
at different seasons, but observations are also made on the repro- 
duction of the fishes, their spawning, food, and on various other 
questions connected with their life-history and habits, and at the 
same time collections of the plankton, or floating organisms, are 
obtained, and experiments made with large-me^ed and small- 
meshed nets. 

Although the employment of commercial vessels in these 
investigations is associated with certain inseparable disadvantages, 
it is possible with the large ship, the efficient trawl, and the 
experienced trawlers on board, to make a much more thorough 
examination of the bays than was formerly the case. From the 
fact, moreover, that the trawling operations are carried on under 
the same conditions as in commercial fishing, opportunities are 
afforded for certain observations of importance, as the proportion 
of the marketable and unmarketable fishes which are caught, the 
relation between the sizes of the fishes captured and the dimensions 
of the meshes of the net, and the amount of destruction of 
immature fish that occurs on different grounds and at different 
seasons. 

For some years past, as mentioned in previous reports, by an 
arrangement with the Technical Education Committee of the 
Cotmty Council of Aberdeenshire, representative fishermen from 
yarious parts of the coast of that county have visited the Labora- 
tory and Hatchery in spring to receive demonstrations on various 
aspects of the life-history and habits of fishes, such as may be of 
interest and use to them in the course of their calling. The 
fishermen have been much interested in the instruction they 
received, and as it appeared to the Board advantageous to 
encourage the desire for such knowledge on their part they issued 
a circular to the other sea-board County Councils inviting thepi 
also to send fishermen if they thought proper so to do, to attend a 
similar series o£ demonstrations. This invitation was accepted by 
the County Council of Ai^leshire, a number of fishermen from 
that shire subsequently visiting the Laboratory and Hatchery, and 
it is under consideration by some of the others. 

Trawling Investigations. 

In the course of the year the results of 91 hauls of the large 
otter-trawl in the closed waters were recorded, of which 75 were 
taken in the Moray Firth, 14 in Aberdeen Bay, and two in Sand- 
side Bay, on the north coast. The examination of the grounds was 
made in January, March, April, September, October, November, 
and December, the localities in the Moray Firth which were most 
thoroughly investigated being Burghead Bay and adjacent parts of 
the south coast, the Dornoch Firth, and the grounds off the coast 
of Caithness. Some hauls were also taken at Smith Bank and in 
the deeper portions of the Firth at the so-called "witch-grounds." 

The aggr^ate number of fishes of all kinds caught in the 
recorded hauls was 63,525, and of these 44,538, or 70 per cent, 
were marketable, the other 18,987, or 30 per cent, being thrown 
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overboard as unmarketable, either because they belonged to species 
that are unsaleable, or, more commonly, because though edible they 
were too small to be taken to market. 

The number of fishes captured in the various hauls and the pro- 
portion of the marketable and unmarketable are given in the tables 
appended to Dr. Fulton's report on the subject. The gi-eater 
number of the marketable fishes consisted of plaice and haddocks, 
the former constituting 58 per cent, and the latter 25 per cent, of 
the total in this class ; the proportion of none of the others reached 
three per cent. Among the unmarketable fishes, common dabs 
formed 32 per cent, and haddocks 30 per cent. The total number 
of turbot obtained was 54, and there were 394 brill, nine halibut, 
and five soles, and all these were marketable. 40 catfish and 22 
hake were caught, all of which were marketable. 

The investigations in the Dornoch Firth at the end of March 
were of interest from the discovery of a shoal of spawning cod on 
the edge of the rough and rocky ground. Several scores of cod 
were taken in each haul of the net, the largest number in a four 
hours* drag being 282. They were all spawning, ^gs and milt 
flowing freely from them, and they were all of large size, the 
smallest females measuring from 33 to 35 inches and the smallest 
males from 29 to 30 inches. It was judged that the vessel was 
operating only on the fringe of the spawning shoal and that the 
greater bulk of the cod were on the rocky ground. Besides the 
cod, large numbers of spawning flounders were caught on this 
ground, where few of this species are obtained except in spring, and 
also spawning coalfish and plaice, in smaller numbers, and common 
dabs ; very few haddocks were obtained and none of them were 
spawning. 

It is probable that this area, lying about three miles from the 
shore in from 13 to 16 fathoms, is one of the important breeding- 
grounds for the food fishes in the Moray Firth. 

The experiments made with a small-meshed net fastened around 
and outside the cod-end of the trawl confirmed the conclusions 
come to previously, that, contrary to the general opinion of fisher- 
men, a very large proportion of the small fish, especially round fish, 
which enter the trawl as it is dragged along the bottom escape 
alive through the meshes, which appear to be distended by the 
resistance of the water. 

Thb Hatching and Rearing of Food-Fishes. 

During last year the hatching of plaice was continued at the 
Marine Hatchery, Aberdeen, the number of eggs of that species 
collected from the spawning pond amounting in the season to an 
aggregate of about 39,600,000. The numW of plaice-fry that 
hatched out and were retained in the hatching apparatus until 
approaching the post-larval stage was approximately 34,780,000, 
or 88 per cent., and they were litorated off' Aberdeen Bay at various 
times in March, April, and May. The number was considerably 
below the total in 1903, when it was estimated that 65,940,000 
eggs were collected, the fry obtained numbering 53,600,000. The 
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principal reason of the decrease was the difficulty in obtaining 
large adult plaice in the preceding autumn and winter to replenish 
the breeding stock in the pond, plaice of the class required bein^ 
then exceedingly and unusually scarce on the groimds from which 
they are obtained. 

The floating e^s were observed in the water of the spawning- 
pond about the middle of January, but they were then present in 
very small numbers, and the first collection was made on the 26th 
of that month, or three days later than in 1903. The last collec- 
tion was on the 29th April, or more than a fortnight earlier than 
in the previous year. This is, no doubt, partly to be attributed to 
the smaller number of the spawners in the pond, as above 
mentioned, but it appears to have been also owing to the relatively 
greater intensity of spawning in the earlier part of the season in 
1904, nearly 28 per cent, of the eggs being collected before the 
end of February, as compared with 18 per cent, in the same period 
in 1903. As usual, the greater number of the eggs were obtained 
in March, viz , 55*7 per cent., the percentage in that month in the 
preceding year being 56*2. 

The duration of the period of development until hatching takes 
place varies with the temperature of the water at the time. At 
the b^inning of the season, in January, when the temperatare is 
low, the average time of incubation is about three weeks, while at 
the end of the season, when the temperature is several degrees 
higher, they hatch in about a fortnight. The larval fishes, after 
issuing from the eggs, are retained in the apparatus for several 
days until the yolk-sac is partly absorbed, and it is calculated that, 
taking the two periods together — the time of incubation and the 
period referred to subsequent to hatching — the eggs and larvae are 
protected in the apparatus for about half of the time from the 
spawning of tlie egg until the young plaice is transformed and 
assumes the form and habit of the admt 

Since the establishment of the hatchery, the total number of 
plaice eggs dealt with amounts to 443,092,000, the fry liberated 
numbering 363,250,000. The number of fry of other fishes 
produced is as follows: — lemon soles, 5,727,000; turbot, 5,160,000; 
cod, 4,010,000 ; and other kinds, 2,000,000. 

Owing to the circumstance that the hatchery is worked in 
conjunction with the Marine Laboratory, the expense of the 
hatching operations at the Bay of Nigg is not large compared with 
the number of fry produced, the annual expenditure in connection 
with it being estimated at about £100. As previously stated, the 
establishment was visited during the hatching season by represen- 
tative fishermen from the shires of Aberdeen and Argyle, to whom 
the various processes adopted, as well as the fertilisation of the 
eggs and the development of the fish, were explained. 

The Growth and Age of Fishes. 

During the last few years a considerable amount of attention 
has been given to the study of the age of fishes and the rate at 
which they grow, and a number of papers dealing with the growth 
and age of the plaice, cod, haddock, whiting, and other forms have 
appeared in the recent reports of the Board. It is a subject that 
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has an important bearing on several problems connected with sea 
fisheries. 

One method by which the growth and age of fishes is determined 
is by the tabulation of the measurements of large numbers taken 
at the same time and place. From the fact that the spawning 
season of a species, and, therefore, the rate at which a new genera- 
tion makes its appearance, is usually limited to a few months of the 
year, the range of the sizes and the average size of the difTerent 
generations or annual series differ from one another. By the 
tabulation of large numbers of measurements it is thus possible to 
distinguish different generations and to assign the range of size 
and the age of the fishes belonging to them. With the earlier 
generations this method is in most cases quite satisfactory, but 
owing to the very different rate at which members of the same 
generation grow, the larger of an earlier generation overtaking and 
exceeding in size the smaller members of the next older generation 
— a process which increases with age — ^it becomes difficult or im- 
possible to separate the older generations from one another by this 
method. 

Another method that has of late been largely adopted consists in 
determining the number of the zones or lines of growth in certain 
of the hard parts of the body. Fishes do not grow continuously 
throughout the year, their growth exhibiting a usually well- 
marked periodicity in relation to the changes of the temperature of 
the water, being as a rule, and in most places, rapid in summer and 
slow in winter. This periodicity is indicated by lines or zones on 
some of the skeletal structures, notably on the ear-bones, or 
otoliths, the scales, and certain bones of the skeleton, the structure 
which shows them best varying somewhat in different species. By 
counting the lines or zones it is thus possible to tell the age of a 
fish, just as by a similar method, and for a like reason, the age of a 
tree may be discovered by the number of rings present in a section 
of the trunk. 

To the present report Mr. J. T. Cunningham contributes a paper 
on this subject, dealing specially with the plaice and the cod. He 
describes the structure and formation of the ear-bones and scales, 
and the mode in which the lines or zones are produced. One of the 
chief objects of the observations was to test the question how far 
the lines of growth in the skeletal structures of fishes were trust- 
worthy indications of age — whether the annual increments of 
growth or deposit could be definitely distinguished and counted in 
all cases. He shows that it is often necessary to test the indica- 
tions of one structure by an examination of the others, though in 
many instances the age of the fish may be well determined by the 
examination of one of them alone. 

The result in regard to the two species mentioned is to show 
generally that they do not grow so fast or reach maturity so soon 
as is commonly supposed. It was found that cod at two years of 
age measure from ten to thirteen or fourteen inches in length, at 
three years from seventeen to nineteen, and at four years about 
twenty-seven inches, so that they would spawn as a rule in their 
fifth year. Plaice from two-and-a-half to about four inches were 
one year old, from about four to six-and-a-half inches the^ were 
two years old, while those at three years measured up to 12 inches. 
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At 13 and 14 inches they were mostly four years of age, 
while some in which the lines of growth indicated five years 
measured 11^, 14|, and 18} inches, and one measuring 20 inches 
was shown to be four years old. 

The paper is illustrated by three plates showing the otoliths, 
scales, and bones. 

The Lifs-Histort of the Lobster. 

In the present report will be found a paper, illustrated by four 
plates, in which Dr. H. C. Williamson gives the results of his 
observations on the life-history of the lobster. An account is 
furnished of the experiments on lobster-culture which were made 
at the hatchery, the " berried " or egg-bearing females being kept 
in a suitable twk, the larvie as they hatched being carried away in 
the overflow to receptacles where they were retained. Hatching 
was found to take place during the night, and the first young 
lobsters were observed on 11th July. 

The larval and early young stages which were reared at the 
Laboratory are described and figured in detail Certain dimorphic 
forms of the zo6a were discovered among the larvse, and they 
attracted attention, since, so far as known, such forms have 
not hitherto been recorded and described. Attention was directed 
to the behaviour of the lobsters during the time they were kept in 
confinement at the Laboratory, that is to say, three years in certain 
cases. Amoi^ them only one was known to have spawned its 
eggs. Casting occurred frequently, more frequeiitly apparently 
than normally occurs with lobsters in the sea, and the increase in 
size immediately after moulting was found to be very small; 
reproduction, moreover, seemed to be inhibited. 

Various observations made on the condition of the ovary, the 
periods of spawning and hatching, the number of eggs carried by 
the female, the growth of the lobster, and on other points connected 
with its life-history and habits, are incorporated in the paper. 

Dr. Williamson also furnishes a further note on the life-history 
of the edible crab, treating specially of the hatching of the young. 

The Parasites of Fishes. 

Dr. Thomas Scott, who is still prosecuting his researches on the 
parasites of fishes, contributes a paper on these organisms to the 
present report, in which several species not previously recorded 
from the Scottish seas are described, the descriptions being 
illustrated by a number of figures. This paper contains descriptions 
of seventeen species, twelve of which belong to the Crustacea and 
five to the Trematoda. 

One of the crustacean species described is found living in the 
nasal fossse of several kinds of fishes, as the cod, haddock, whiting, 
&c. Another was obtained in the mouth of a three-bearded rock- 
ling, and others on a sturgeon, a porbeagle shark, and other fishe& 

The Trematoda, which are leach-like in form, were obtained on 
the gills of the grey gurnard, the ballan wrasse, and the bass 
{LaimiX lupus). 
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The Marine Crustacea. 

• A paper, illustrated by four plates, is also contributed to the 
present report by Dr. Thomas Scott on a number of marine 
Crustacea, obtained in collections made during various fishery 
investigations, especially the trawling investigations in the Moray 
Firth. 

All the forms described are small ; they are for the most part 
free-swimming in their habits and belong to the Copepoda, a group 
that constitutes a large proportion of the food of the edible fishes 
in their young stages. Of these free-swimming crustaceans four 
are new to science and are now described for the first time. A few 
species that live as parasites on other crustaceans are also recorded. 
They belong to the somewhat abnormal Choniostomatidse ; two of 
these are also new to science and are now described for the first 
time in this report. 

The Tay Sprat Fishery. 

A paper is included in the present report in which Mr. John 
Fletcher gives an account of the bag-net fishing for sprats on the 
Tay in the season 1904-1905. The methods and course of the 
fishing and the situation of the ground where the sprats are taken 
are described, but the chief part of the paper deals with the 
composition of the catches. In forty-six samples examined at 
various periods from October to February inclusive, comprising 
43,871 fishes, the number of young herrings was found to be 
26,037, the sprats numbering 16,992 ; there were also 581 specimens 
of other food fishes, mostly whiting and cod, as well as 261 
specimens of unmarketable and inedible forms. The herrings 
measured from 1| inches to 7 inches in length. 

The quantity examined represented about one-thousandth part 
of the entire season's catch. On the basis mentioned tables are 
given showing the estimated composition of the catches throughout 
the season, from which it appears that in the 1348 crans taken the 
number of young herrings was approximately nearly 23^ millions, 
while the sprats number^ a little over 21 millions. The percentage 
proportion of herrings increased gradually and steadily from the 
commencement of the season in October, when it was 20*4, to 
January, when it was 78*2. 

The Young of the Conger. 

In last year's report two specimens of the young of the conger 
(Lepiocephalus) at different stages were described, the earlier being 
known as LeptocephoUtiS Mornsii and the older as L. jmndatus, and 
both were taken in the Moray Firth. Last May another specimen 
of L, punctatus was captured in Aberdeen Bay in from four to five 
fathoms of water and brought alive to the Laboratory, as well as 
the head part of a third specimen. They are described by 
Dr. Fulton in the present report. Leptocephcdi are exceedingly 
rare, and the capture of four in so short a time is of interest. 

The Spawning of the Cod in Autumn in the North Sea. 

Dr. Fulton also describes further observations in connection with 
the discovery that shoals of cod spawn in August, September, and 
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October on certain grounds lyin^ off the coast of Norway, and 
about 190 miles N. by E. of Aberdeen* The previous description 
appeared in the bulletin (Publi4xUions de Circonstance) of the 
International Council for the Exploration of the Sea. The fact 
that the cod, whose great spawning-time, as is well known, is in 
spring, should also spawn in autumn is of interest. It has been 
shown, moreover, that the temperature of the water at the grounds 
referred to when spawning occurs is the lowest for the year. 

Investigation on thb Herring in the Firth of Clyde. 

In connection with the winter herring fishing at BaUantrae 
Bank, ofif the coast of Ajr, arrangements were made for an 
investigation of the conditions of the fishing in relation to the 
operation of the Bye-law, No. 18, by which the use of the seine for 
the capture of herrings within a defined area there is prohibited. No 
fishing however took place last year. Only one trial was made by 
a single boat, and the catch was only about seven himdred small 
herrings. The "appearances" of herrings were not favourable, 
and the market prices, as given in the newspapers, were so low 
that the men did not think it worth while to start the fishing and 
give up the cod-net and line fishing. That there were herrings on 
the Bank was shown by their presence in the stomachs of ood and 
saithe, as reported by the Fishery Officer, and by the coating of 
herring spawn on the cod nets. 

An investigation is also being made on the herrings in other 
parts of the Firth of Clyde, more especially in Lochfyne, where 
monthly observations are made on the temperatures, the abundance 
of herring-food, &c., and marking experiments have been instituted 
to determine, if possible, the migratory movements of the herrings. 

General Index to the Scientific Reports. 

A paper, prepared by Dr. Fulton, is given in the present report, 
embcdving a general index to the scientific reports of the Board 
since the commencement of scientific investigations in 1882. The 
reports are twenty-two in number, and as they embrace a great 
variety of subjects connected with the sea fisheries in their 
scientific aspects, it is hoped the index may be useful to those 
engaged or interested in fishery investigations. 

We have the honour to be, 

Your Lordship's most obedient Servants, 

ANGUS SUTHERLAND, ChairvMin. 

D. CRAWFORD, i}6pu<//-0Aairnw»i. 

D'ARCY W. THOMPSON. 

W. R DUGUID. 

L MILLOY. 

D. MEARNS. 

H. WATSON. 

WM. C, ROBERTSON, Secretary. 
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SCIENTIFIC REPORTS. 



I.— TRAWLING INVESTIGATIONS. By Dr. T. Wemybs Fulton, 
F.R.S.E., Superintendent of Scientific Investigations. 

Introduotoet. 

The investigations into the condition of the fishing grounds in certain 
parts of the closed waters, particularly in the Moray Firth and Aberdeen 
Bay, which were b^un a few years ago by the employment of commercial 
steam trawlers, were continued last year as frequently as circumstances 
allowed. Trawlings were made in January, March, April, September, 
October, November, and December, the total number of recorded hauls 
in the closed waters amounting to 91, of which 14 were made in Aber- 
deen Bay, 75 in the Moray Firth, and 2 in Sandside Bay, on the north 
coast of Scotland. The localities in the Moray Firth which were most 
thoroughly examined were Burghead Bay and adjoining parts of the 
south coast, the Dornoch Firth, and the grounds off the coast of Caith- 
ness. A few hauls were also taken on Smith Bank, and in the deeper 
parts of the Firth, at the so-called *' witch-grounds.'' 

The aggregate number of fishes taken in the course of these trawlings, 
so far as they were completely recorded, was 63,525, and of these 44,538 
were taken to market, the remaining 18,987 being thrown overboard, 
either because they belonged to species which are not edible, or, more 
commonly, because they were too small to be marketable. Tfte propor- 
tions of the marketable and unmarketable in each of the recorded hauls 
are given in the Tables appended. 

Records were also made of a number of hauls of a steam trawler which 
fished at the Fardes in the month of May, and these are likewise 
included in the Tables. 

One of the chief objects of these trawling investigations is to ascertain 
as far as possible the changes which may occur in the abundance of the 
food and other fishes in the closed waters in different years and at 
different seasons, but observations are also made on the reproduc- 
tion of the fish, their spawning, food, <lcc., and on various other matters 
connected with their life-history, while at the same time records 
are made of the surface and bottom temperatures of the water on the 
various grounds visited. The employment of commercial vessels for this 
purpose is associated with certain disadvantages ; but from the fact that 
the actual trawling work is carried on precisely as it is when fishing for 
market purposes, opportunities are afforded for a number of observations 
bearing on this method of fishing, as, for example, the proportion of the 
marketable and unmarketable fishes which are captured, the relation 
between the size of the fishes taken and the size of the meshes of the 
net, the vitality of the fishes, &c. Collections are also made of the floating 
organisms, or plankton, and of fish eggs and larvss, and experiments con- 
ducted with small-mefiJied nets with tiie view of procuring collections of 
fishes of various sizes in connection with the study of their rate of 
growth, distribution, <&c. 
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With the large oommercial trawl, the efficient ship, and the experienced 
trawlers in charge, it is possible to make a much more thorough and 
extensive examination of the grounds than was previously possible. 

The work has been sometimes carried on under difficulty, inasmuch as 
since the reduction of the Vote for Scientific Investigations, when the 
International researches were initiated, no assistance was available, and it 
was impossible for me alone to conduct these experiments with the regu- 
larity that was desirable. In autumn of last year, Dr. H. C. William- 
son was re-appointed to the scientific staff of the Board, and I have to 
thank that gentleman for his assistance in theee investigations. 



The first (A the series of investigations in Aberdeen Bay and the Moray 
Firth was made in January, from the 14th to the 23rd, the steam 
trawler "Em'' being employed, one of the objects being to obtain 
a supply of large living plaice for the hatchery at the Bay of Nigg. 
Besides Aberdeen Bay, the places visited were the grounds off the Ord of 
Caithness and Lybster, Dunnet Bay, and Sandside Bay, these two being 
situated on the north coast. Three hauls were made in Aberdeen Bay 
on the 14th, a strong wind blowing from the south-west with rain. The 
first was in from 5 to 20 fathoms, off Newburgh, for four hours and 
five minutes, and the catch was small, comprising 387 fishes, of which 
360 were marketable and 27 unmarketable. Haddocks and codling 
formed the bulk of the catch, there being few plaice, and they were all 
small. The other two hauls were also taken off Newburgh, in from 4^ 
to 9 fathoms, and they were still less productive, the respective totals 
being 218 and 293 fishes, the hauls lasting for four hours and four 
hours an(^ five minutes. Plaice were again very scarce, and haddocks were 
not numerous, but a considerable number of codling were taken. Among 
the fishes in the second haul were 14 herrings and 22 sprats. In the 
three hauls, lasting for twelve hours and ten minutes, 898 fishes were 
taken, of which 783 were marketable and 115 unmarketable. The 
numbers of marketable and unmarketable of the various species were as 
follows : — 





Cod. 


CodUng. 


Haddock. 


Whiting. 


Plaice. 


L 
II. 

Total 


5 


186 
12 


431 
19 


27 


71 


5 


198 


512 


27 


71 




Com. Dab. 


LoDff 

RoughDab. 


Sprat. 


■ Hemng. 


Starry Ray. 


I. 
II. 

Total 


28 

1 


4 


22 


14 


16 


29 


4 


22 


14 


16 
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While all the plaioe were marketable, there were none of medium size, 
and none large ; all were small. The majority of the haddocks, on the 
other hand, were large or medium, viz., 330 large, 109 mediums, and 
«54 small or thirds. 

In the Moray Firth the first haul was made on the 17th, off Lybster, 
in about 25 fathoms, a strong breeze blowing from the south-west. 
The number of fishes obtained in the four hours' drag was 352, of 
which 206 were marketable and 146 unmarketable. The catch com- 
prised 20 cod, 146 haddocks, and 128 plaice; all the haddocks 
except 46 small were unmarketable, and most of the plaice were 
also small. The next haul was made in rather deeper water, 34 to 36 
fathoms, a little farther 0% and a rather better catch was got, viz., 522 
fishes, of which 330 were marketable. Haddocks and plaice were again 
most numerous — 315 and 162 respectively — and they were, as a rale, 
larger, especially the plaice, 112 being either large or medium. Other 
seven drags were taken off Lybster in from 23 to 35 fathoms, with as a 
rule, poor results, though the weather had improved and the sea was 
smooUi. Omitting one of these, in which the net was split and only 108 
fishes secured, the total number of fishes caught in the thirty-three hours 
and ten minutes fishing was 3478, of which 2005 were marketable and 
1473 unmarketable. The largest total number taken in any one haul 
was 522 ; the largest number marketable in any haul was 330, and the 
lowest 118. Haddocks and plaice formed the bulk of the fish caught, 
the former numbered 1898, of which rather more than half were market- 
able ; the latter numbered 875, all of which were marketable. The total 
of the marketable haddocks and plaice according to size was as follows : — 





Ist 


2nd 


3rd 


4th 


Total 


Haddock 


63 


80 


46 


780 


969 


Plaice 


118 


387 


342 


28 


876 



The accompanying Table gives the particulars of the marketable and 
unmarketable fishes of the eight hauls : — 





Cod. 


Codling. 


Haddock. 


•Whiting. 


CoaKfish. 


Cat-finh. 


Brill. 


Plaice. 


I. 
n. 

Total 


29 


67 


969 
929 


204 


2 


2 


2 


876 


29 


125 


1,898 


204 


2 


2 


2 


875 




Lemon 
Dab. 


Witch. 


Common 
Dab. 


Long 

Rough 

Dab. 


Herring. 


Starry 
Ray. 


Skate. 


Angler. 


I. 
II. 

Total 


89 


2 


254 


7 


1 


8 


12 
11 


8 
9 


89 


2 


254 


7 


1 


8 


28 


12 



On the 1 8th, owing to the comparatively poor catches on the grounds 
off Lybster, the vessel left for the north coast to try Sandside Bay, but 
the wind in the Pentland Firth was so strong that it was forced to 
return. On the following night Sandside Bay was reached and three 
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hauls were made there. The first was imperfect^ being a '*foul" shot, 
owing to a torn in the net, and only 127 marketable fishes were secured, 
mostly plaice and haddocks ; the depth was from about 40 to 43 fathoms. 
In the next haul on the same ground, in 40 to 43 fathoms, lasting four 
hours and five minutes, 324 fishes were taken — 169 being marketable and 
155 unmarketable. Most consisted of haddocks and plaice ; there were 
also 14 gurnards and 31 dogfishes. A third haul for four hours and 
ten minutes, in from 28 to 40 fathoms, was still less productive, the total 
being 250 fishes, 175 being marketable and 75 unmarketable. The 
numbers of haddocks and plaice of the various classes according to 
size, in the two hauls were these : — 





Ist 


2nd 


3rd 


4th 


Total 


Haddock 


5 


56 


10 


62 


133 


Plaice 


20 


46 


46 


— 


112 



The following Table gives the marketable and unmarketable fishes 
caught in the two hauls, the time of fishing being 8 hours and 15 
minutes: 





Cod. 


CodHng. 


Haddock. 


Whiting. 


Ournard. 


I. 
II. 

Total 


2 


4 
9 


188 
112 


82 


80 


2 


13 


245 


82 


80 




Plaice. 


Lemon 
Dab. 


Common 
Dab. 


Skate. 


Dog-fiah. 


I. 
II. 

Total 


112 


58 


85 


16 


81 


112 


58 


85 


16 


81 



Dunnet Bay was then tried, and a haul taken in 30 to 36 fathoms. 
After towing for an hour and three-quarters the net caught, and on being 
brought up it was found that the ground rope was broken, and a good 
deal of the net missing ; what was left contained five marketable fishes. 

The vessel accordingly returned to the Moray Firth and started fishing 
south of Lybster, on the grounds off the Ord of Caithness. The wind 
was still from the south-west and very squally. The first haul, for 4| 
hours, was made in 23 and 24 fathoms, and 405 fishes were secured, of 
which 170 were marketable and 235 unmarketable. Among the former 
were 19 cod, 107 haddocks, and 78 plaice, as well as some lemon dabs 
and common dabs. The second haul for the same time on the same 
ground, in 23 to 25 fathoms, was slightly better, 446 fishes being taken — 
169 marketable and 277 unmarketable. Haddocks, plaice, and dabs were 
the chief fish lepresented. Other six hauls were taken on this ground, 
the catches being under those described, and in one of the hauls the trawl 
net was practicidly destroyed, nothing coming up but the ground rope. 
In the seven hauls, the duration of which was 29 hours and 35 minutes, 
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the aggregate number of fishes caught was only 2086—895 being market- 
able and 1191 unmarketable — which was extremely poor fishing. The 
numbers of haddocks and plaice of the various sizes taken in the hauls 
were as follows : — 

1st 2nd 3rd 4th Total 

Haddock 57 164 65 — 286 

Plaice 91 186 192 18 487 



The particulars as to the marketable and unmarketable in the seven 
drags are these : — 





Cod. 


Codling. 


Haddock. 


Whiting. 


Coal.fish. 


Cat-fish. 


Conger- 
Eil. 


I. 
u. 

Total 


86 


88 
29 


286 

478 


72 


4 


3 


2 


86 


67 


764 


72 


4 


3 


2 




Plaice. 


Lemon 
Dab. 


Common 
Dab. 


Long 
Rough Dab. 


Skate. 


Angler. 


I. 

II. 

Total 


487 


38 


489 


129 


16 
11 


83 


487 


33 


439 


129 


27 


33 



The vessel then steamed to the so-called '^ witch-grounds/' off Kinnaird 
Head, and made two drags there on the 23rd. Owing to want of time 
the immarketable fishes in these drags, which were very numerous, were 
not recorded. In the first, for four hours and fifteen minutes, in from 
40 to 45 fathoms, 168 marketable fishes were obtained, chiefly haddocks 
and witches ; the offal, or unmarketable fishes, filled seven baskets, the 
contents of one of which were counted, viz., 306 dabs, 183 long rough 
dabs, 94 haddocks, and 42 whitings. In the second drag, in from 40 to 
50 fathoms, 163 marketable fishes were secured, comprising 4 cod, 7 
codlings, 62 witches, and 90 haddocks ; the offal or unmarketable fishes 
filled three baskets, and were not enumerated. Small haddocks, too small 
to be marketable, were numerous in this locality ; the numbers of the 
various classes of marketable haddocks were, 1st 35, 2nd 65, 3rd 68. 

Another haul for an hour and ten minutes was made here in about 50 
fathoms with the small-meshed net laced around the cod-end, in order to 
catch the small fishes, as described in previous reports ; 2812 fishes were 
taken, belonging to 18 species, as follow : — 



Cod, - - - - 7 


Witch, 


39 


Haddock, - - - 249 


Lemon Dab. 


3 


Whiting, - - - 122 


Common Dab, - 


- 986 


Poorcod, - - . 7 


Long Bough Dab, 


- 1048 


Norway Pout, - - 260 


Herring, - 


2 


Three-Bearded Bockling, 2 


Sprat, 


3 


Four-Bearded Rockling, 5 


Lumpemis^ - 


65 


Grey Gurnard, - - 2 


Spotted Dragonet 


15 


Plaice, . . - 4 


Hagfish, - 


3 
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The quantity of fish landed at the end of the voyage, according to the 
arket returnB, amounted to 99 cwt, as follows : — 



Co(L Codling. Ling. Saithe. Hake. Haddock. >Vhiting. Torbot. Halibut Brill. 
28 4 1 2J J 164 i i i t 

Lemon Dab. Plaice. Witch. Megrim. Conger. Skate. Cat-fish. 
H 27 6i i i 8 i 



II. 

The second series of trawlings was made at the end of March and the 
beginning of April, the steam trawler "Star of the Wave" being 
employed. The first place visited was Burghead Bay, where several 
hauls were taken, in from 4 to 16 fathoms, on 28th and 29th. 
In the first, which was carried into water of 30 fathoms depth, 1202 
fishes were taken — 780 being marketable and 422 unmarketable. The 
fishes most abundantly represented were common dabs, plaice, haddocks, 
and witches ; there were also 24 brill and 19 lemon dabs, all marketable, 
as well as 5 herrings. All the haddocks and most of the plaice were 
small. The next three hauls were made nearer the shore, in water of 
from about 4 to 16 fathoms. In the first of these 975 were secured — 
574 being marketable and 401 unmarketable. Common dabs and 
plaice were best represented, numbering respectively 360 and 325 — 
90 of the dabs and 302 of the plaice being marketable. The catch 
also included 89 haddocks — all small, and 37 marketable — 6 catfish, 
20 lemon dabs, and 35 witches. The second haul brought up 698 fishes, 
mostly plaice and dabs, the marketable fishes including 23 brill, 2 
turbot, 10 lemon dabs, and 9 witches, as well as 18 haddocks, 3 cod, and 
2 catfishes. The third haul, for five hours and twenty-six minutes, 
yielded 2331 fishes, of which 1181 were marketiible and 1150 unmarket- 
able. The catch included 1116 common dabs, 576 plaice, 208 haddocks, 
30 lemon dabs, 13 brill, and 2 turbot ; there were also in this haul 28 
anglers, 8 herring, and a lumpsucker. 

The aggregate number of fishes in the three inshore drags referred to 
was 4004, 2168 being marketable and 1836 unmarketable. The numbers 
of haddocks and plaice of the various classes according to size were as 
follows : — 





Ist 


2Dd 


3rd 


4th 


Total 


Haddock 


16 





204 





220 


Plaice 


96 


276 


416 


335 


1123 



The details of the four hauls referred to are summed up in the 
accompanying Table : — 





Cod. 


Codling. 


Had- 
dock. 


Whiting. 


Coal, 
fish. 


Cat- 
fish. 


Gur- 
nard. 


Tur- 
bot. 


Brill. 


Floun- 
der. 


I. 
n. 

Total 


8 


10 
27 


440 
99 


220 
53 


2 


17 


11 
8 


4 


100 


9 


8 


46 


589 


273 


2 


17 


19 


4 


100 


9 
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Plaice. 


Lemon 
Dab. 


Witch. 


Ck)m. 
Dab. 


Long 

Rough 

Dfth. 


Thorn- 
back. 


Herring. 


Angler. 


Lump- 
sucker. 


L 
IL 

Total 


1,845 
95 


79 
2 


141 
60 


483 
1,680 


198 


69 
16 


18 


30 
26 


3 


1,440 


81 


201 


2,113 


198 


85 


13 


55 


8 



Some other hauls were made in this district, but in somewhat deeper 
water. In the first of these off Burghead, in 44 to 45 fathoms, and 
lasting four hours and twenty minutes, 1638 fishes were captured, 
1280 being marketable and 358 unmarketable. The number of haddocks 
increased to 817, most of them being small; plaice diminished to 
twenty, mostly large and medium; there were also 269 witches, 106 
lemon dabs, a megrim, a brill, and 8 cod. In the next haul, lasting 
three hours and thirty-five minutes, in the same depth, 4030 fishes 
were obtained, 2483 being marketable and 1547 unmarketable; nineteen 
species were represented. Haddocks were most abundant, numbering 
1927; there were 1358 dabs, 282 witches, 251 whiting, 27 lemon dabs, 
and 10 plaice. Ten Norway pouts, a herring, a bib, and 2 Lumpenus 
were also taken, as well as 5 marketable hake. The next haul was 
begun in the same place, the vessel towing towards Lossiemouth, where 
the net was hauled in 16 fathoms. The drag lasted for two hours and 
twenty-five minutes, and 1427 fishes were taken, comprising 837 had- 
docks, 139 whitings, 40 plaice, 51 lemon dabs, 6 witches, as well as 4 
cod, 2 ling, and a Norway pout. 

In these three hauls in deeper water the total number of fishes 
caught was 7095, 4846 being marketable and 2249 unmarketable, the 
time of fishing being ten hours and twenty minutes. The sizes of the 
haddock and plaice taken were as follows : — 

Ist 2nd 3rd 4th Total 

Haddock 235 154 3113 — 3502 

Plaice 17 44 14 — 75 

The particulars are given in the following Table : — 





Cod. 


Cod- 
ling. 


Hake. 


Ling. 


Had- 
dock. 


Whit- 
ing. 


Gur- 
nard. 


BriU. 


Plaice. 


Lemon 
Dab. 


Witch. 


L 
IL 

Total 


19 


10 
5 


22 


2 


8,502 
79 


530 
12 


17 
8 


5 


75 


176 
8 


429 
128 


19 


15 


22 


2 


3,581 


542 


25 


5 


75 


184 


557 




Megrim. 


Com. 
Dab. 


Long 

Rough 

Dab. 


Thorn- 
back. 


Grey 
Skate. 


Angler. 


Nor- 
way 
Pout. 


Her. 
ring. 


Bib. 


Lum- 
penus. 


I. 
IL 

Total 


2 


47 
257 


1,720 


10 


2 


10 
5 


11 


1 


1 


2 


2 


304 


1,720 


10 


2 


15 


11 


1 


1 


2 
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A haul for four hours was made in thirteen fathoms off Lossiemouth, 
the vessel trawling around a dan, but the catch was very poor, the 
number of marketable fishes secured being 191, and the unmarketable 
79, a total of 270. There were 107 pkice, 36 haddocks, eight brill, a 
cod, a catfish, and a lumpsucker in the catch. 

The next place visited was the Dornoch Firth. On 30th March the 
trawl was dropped in sixteen fathoms, with Danrobin Castle bearing 
N.W. and Tarbert Lighthouse about S. j^E. ; a sweep was made around 
the bay into four fathoms and out again, the haul lasting for four hours. 
The weather was fine and the sea smooth. 

In the hauls made here a special cod-end with large meshes was used, 
and the catches, especially of the unmarketable fishes, were therefore 
smaller than would have been the case otherwise ; the records cannot 
thus in this respect be compared with the foregoing. 

The catch consisted of 400 fishes, of which 354 were marketable. The 
plaice numbered 138, and there were 69 cod and 123 flounders. In the 
next haul, in the same locality, 210 fishes were taken, the catch com- 
prising 43 cod, 87 plaice, 38 flounders and 29 skates and rays. Other 
four drags were made here, and the aggregate catch for the six hauls, 
comprising twenty-four hours and five minutes fishing, was 1932 fish, 
1837 being marketable. 

The details of the catches are given in the adjoining Table ; what is 
stated above as to the mesh of the cod-end must be borne in mind. 













« 


















Cod. 


Codling. 


Coal- 
lish. 


Haddock. 


Cat-fish. 


BriU. 


Plaice. 


Lemon 
Dab. 


I. 
II. 

Total 


764 


5 

1 


9 


35 


12 


4 


581 
6 


83 


764 


6 





35 


12 


4 


587 


33 




Witch. 


Fioander. 


Common 
Dab. 


Long 
Rouffh 


Thorn- 
back. 


Sprat. 


Grey 
Skate. 


I. 
II. 

Total 


15 


235 
82 


67 
17 


3 


92 
11 


• 
2 


5 
23 


15 


267 


74 


3 


108 


2 


28 



Large and medium-sized haddocks were present in the catches, the 
numbers taken being — large 86, medium 80, small 130, fourths, 152; 
many of the smaller haddocks would escape through the mesh of the 
cod-end used. 

The fishing in the Dornoch Firth on this occasion was of special 
interest, for several reasons. Cod were taken in quite unusual numbers, 
a shoal of spawning fish having been hit upon, and each haul of the 
net was characterised by the large number of cod present. On hauling 
the net, the cod-end, in which the fish were contained, could be seen 
floating at the surface some distance away from the vessel; this is 
always the case with large catches of the greater round fishes. The 
greatest number of cod caught in one haul of four hours was 282, but in 
each drag the net contained many scores. Owing to the weight of fish 
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the cod-end was not brought in to the deck at first in the ordinary way, 
but a hole was cut in it as it lay alongside the vessel and the cod 
removed by a " clip " and passed along to the fisli-hold ; then the net 
was brought aboard. As mentioned, the cod were all spawning, eggs and 
milt flowing freely from them, and I was struck with their large size. 
There were no small cod among them. It was not possible to measure 
them all, but the smallest and the larger were put aside and measured. 
The smaller female fishes ranged from 33 to 35 inches; two males 
measured 29 1 and 30 inches ; among a few *' codling " taken I found 
one measuring 27 1 inches, quite immatui'e. Several smaller-sized cod 
were brought up in a state of decay, and had been lying on the ground 
dead for some time ; whether these had been caught previously by some 
other trawler, escaped from the net and perished, was unknown. The 
skipper (S. Caie) stated that at Faroe they sometimes get as many as 
sixty score of cod (1200) in a single drag of three hours' duration. 

Besides the cod, several of the other fishes taken at this place were 
ripe and spawning. Among the few coalfish caught I found a female, 
measuring 40^ inches, half spent, with the eggs flowing freely, and 
several of the males were also mature. Most of the flounders, of which 
267 were taken — 235 of them marketable — were also spawning, and it 
is evident from a comparison of the records at other times of the year 
that shoals of flounders come out from the shallower waters — no doubt 
largely from the stretch of brackish water west of Gizzing Briggs — at 
this season in order to spawn. Spawning females were found from ten 
inches upwards, and spawning males from a size of eight inches. Some 
plaice were also found ripe and spawning, though the number of this 
fish taken was relatively small, and still more were spent. Among the 
common dabs the condition was not so far advanced, most of the larger 
ones having the reproductive organ large and ripe, and a few were 
just commencing to spawn. 

On this ground, therefore, spawning cod, coalfish, flounders, plaice, and 
common dabs were found on the 30th and 31st March. It lies about 
three miles from the nearest land, on the edge of, and partly over, the rough 
ground that under ordinary circumstances is avoided by trawlers, the 
depths being from thirteen to fifteen or sixteen fathoms. It is possible, 
I may say, to fish over the rough ground when cod or other round fishes 
are present in large numbers, the trawlers explaining that the cod-end, 
and perhaps most of the net, is buoyed up from the bottom by the fish. 
The locality lies well within the Dornoch Firth, and I think it will be 
found that there is some peculiarity about the currents here that tends 
to distribute the floating eggs, the movement of the water being north- 
wards, rather as an eddy.* From the small number of plaice got it is 
not certain that they spawn on these grounds in any great numbers, and 
the same remark may be made about the coalfish. Clearly, however, 
cod and flounders spawn there in great numbers. 

Before leaving the Dornoch Firth a haul was made for half an hour 
with the small-meshed net around the cod-end, the trawl going into four 
fathoms. The number of fishes taken was 1107, belonging to ten species, 
as follows: — 



Codling, - 


1 


Plaic«, 


74 


Haddock, 


2 


Flounder, - 


53 


Whiting, 


27 


Common Dab, 


46 


Herring, 


16 


Sprat, 


870 


Little Sole, - 


2 


Common Pipefish, 


16 



* Vide Fulton, *^ The Currents of the North Sea and their Relation to Fisheries," 
Fifteenth Annual Jleportj Part III., p. 343. 
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The vessel ihen steamed to Ihe^ south coast of the Mon^y Firth and 
took a haul with the small-meshed net around the cod-end, hetween 
Findhorn and Burghead, in 30 to 32 fathoms, the haul lasting for an 
hour. The total number of fishes obtained was 1753, belonging 
to eighteen species, as follows : — 



Codling, 


10 


Plaice, 


1 


Coalfish, 


1 


Lemon Dab, 


14 


Haddock, 


19 


Common Dab, 


68 


Whiting, 


20 


Witch, 


221 


Norway Pout, 


- 387 


Long Bough Dab, 


516 


Herring, 


36 


Megrim, 


1 


Sprat, - 


74 


Flounder, - 


4 


LumpenuBj 


- 366 


Thombadc, - 


1 


Dragonet, 


2 


Angler, 


13 



Codling, 


34 


Plaice, 


Haddock, 


- 444 


Lemon Dab, 


Whiting, 


502 


Common Dab, 


Ling, - 


1 


Long Rough Dab, 


Poorcod, 


- 436 


Catfish, 


Norway Pout, 


6 


Herring. 


Gurnard, 


1 





Smith Bank was then visited, and a haul made there with the small- 
meshed net for twenty-five minutes (the net catching on the bottom after 
that interval and being hauled) in 22 fathoms. The number of fishes 
caught was 1545, belougiug to thirteen species, as follows :— 

2 

10 

99 

6 

3 

1 



Before returning to Aberdeen a haul with the small-meshed net was 
taken in Aberdeen Bay, in the northern part, but the net came up much 
torn and no fishes were caught ; there was a heavy sea and a strong wind. 

According to the market statistics, the quantity of fish landed 
amounted to 246 1 cwts., as follows : — 

Cod. Codling. Saithe. Haddock. Whitioff. Torbot. BrilL Lemon Dab. Plaice. 
178i t If 17 2J I i 21 214 

Dabs. Witch. Skate. Cat-fish. Monk. 
2} 5i 9 34 1 



III. 

The next series of trawlings was made at the end of September and 
the beginning of October, the steam trawler '' Star of the Ocean " being 
employed. The first place visited was the deep hole off Fraserburgh, 
where a haul was made in 75 fathoms, a dan being put* down in 70 
fathoms. In soundmg, a depth of 130 fathoms was got in the locality, 
fine dirty sand being on the armature of the lead. The net became 
fast and it was hauled in two hours in 35 fathoms. The catch 
comprised 1177 fishes, of which 900 were marketable and 277 un- 
marketable. Haddocks were best represented, the number taken being 
825, but most of them were small. There were also 44 cod and 170 
codling, 44 whiting, 11 gurnards, 18 lemon dabs, 11 megrims, and 1 
witch, with some other fishes. No plaice or common dabs were caught. 

Burghead Bay was then visited and a couple of drags made in from 
5 to 12 fathoms. In the first, which lasted for four hours and ten 
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minates, 597 fish were caught; 184 being marketable and 413 unmarket- 
able. The catch was made up mainly of small haddocks and plaice, 
together with common dabs. In the second haul, for four hours and ten 
minutes, 1339 fishes were secured, of which 556 were marketable and 
783 unmarketable. The catch was again chiefly composed of small 
haddocks. In these two hauls, the time of fishing being eight hours 
and twenty minutes, 1936 fishes were taken, of which 740 were market- 
able and 1196 unmarketable. The haddocks numbered 1565, no less 
than 999 of them being too small to be marketable. The numbers of 
haddocks of the various classes were these :^— 



Haddock 



1st 


2nd 


3rd 


4th 


Unmarketable 


Total 


27 


48 


491 





999 


1565 



The plaice were also, as a rule, small, but the separate sizes were not 
noted. 

The details regarding the different species are as follows: — 





1 
Cod- \ Had- 
ling. 1 dock. 

! 


Whit- 
ing. 


Gur- 
nard. 


Plaice. 


Lemon 
Dab. 


Common 
Dab. 


Long 

Rough 

Dab. 


Thorn- 
back. 


Ang. 
ler. 


I. 
II. 

Total 


4 


566 
999 


27 
16 


37 


135 

8 


5 


127 


6 


3 


2 


4 


1,565 


43 


37 


143 


5 


127 


6 


3 


2 



A number of hauls were then taken between Burghead Bay and 
Lossiemouth, in water from 7 to 12 fathoms deep. In the first, 
which lasted for three hours and fifteen minutes, 498 fishes were caught, 
287 being marketable and 211 unmarketable. The catch comprised 347 
haddocks— nearly half of them too small to be taken to market — and 42 
cod. In the second, for four hours and thirty-five minutes, 892 fishes 
were caught, 458 being marketable and 434 unmarketable. Haddocks 
again formed the bulk of the catch, numbering 587, of which less than 
half were marketable, and there were also 145 plaice and seven cod. 
Most of the other hauls made in this place were less productive, but in 
one the number was considerably exceeded. It was for four hours and 
five minutes, and 3157 fishes were captured, of which 972 were market- 
able and 2185 unmarketable. The catch comprised 1425 haddocks, 879 
being too small to go to market ; 358 plaice, all but 6 marketable ; 1082 
common dabs, 201 gurnards (none taken to market), 51 codling, 4 cod, 
2 turbot, 8 brill, and 5 lythe or pollack. 

In the seven hauls between Burghead and Lossiemouth, the duration of 
fishing being twenty-eight and a half hours, the total number of fishes 
caught was 6637, or an average of 2328*9 per ten hours' fishing ; the 
marketable fishes numbered 2880, or an average of 10104 per ten hours, 
the unmarketable numbering 3757, or an average per ten hours of 
1318*3. Of 2871 haddocks caught rather more than half, viz., 1474, 
were unmarketable, while of 1203 plaice only 7 were too small to be 
taken to market. In one of the hauls 5 lythe were caught, in another 
4 coalfish, too small to be marketable; and in another 4 fine black 
soles, a fisli which is very rarely caught in these waters. Of the 1397 
haddocks, 96 were large, 204 mediums, and 1097 small or thirds ; a 
classification into thirds and fourths was not adopted on this occasion. 
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The accompanying Table gives the particiAan of the catches of the seven 
hauls combined. 





Cod. 


Codling. 


Had- 
dock. 


Whit- 
iiig. 


Coal- 
fish. 


Lythe. 


Gur- 
nard. 


Turbot 


Brill. 


I. 
II. 

Total 


61 


90 
21 


1,397 
1,474 


33 
46 


4 


5 


689 


4 


17 


61 


HI 


2,871 


79 


4 


5 


589 


4 


17 




Plaice. 


Lemon 
Dab. 


Black 
Sole. 


Witch. 


Common 
Dab. 


Angler. 


Thorn- 
back. 


Wrasse. 


I. 
II. 

Total 


1,196 

7 


37 


4 


2 


26 
1,627 


86 


7 
8 


1 


1,203 


37 


4 


2 


1,553 


86 


10 


1 



A haul was also made on the usual ground off Lossiemouth, in 17 
fathoms, for one hour and forty-five mioutes. The catch consisted of 
605 fishes, 405 being marketable and 200 unmarketable, all the latter 
consisting of gurnards. There were 314 haddocks and 80 plaice ; about 
half of the haddocks were large and mediums, and half small, while all the 
plaice were large and mediums. In the hauls in Burghead Bay, and 
between it and Lossiemouth, several hundred squids and a few edible 
crabs were taken. 

The vessel then steamed to the Dornoch Firth, where a drag with the 
small meshed net around the cod-end was made for an hour and five 
minutes in from 10 to 12 fathoms. The catch of both nets num- 
bered 1035 fishes, of which 697 were marketable, mostly of small 
haddocks (''thirds''). The numbers of the various species were as 
follows : — 



Codling, - 


3 


Plaice, - 


- 12 


Haddock, 


- 833 


Common Dab, - 


- 32 


Whiting, 


- 133 


Gnrnard, - 


- 22 



Another drag was made here, but the net had a twist on it, and only 133 
fishes were caught in the four hours that the haul lasted, 56 being 
marketable. 

The grounds off Lybster were then visited on 3rd October, and a drag 
taken for four hours and ten minutes in from 26 to 34 fathoms. The 
catch comprised 991 fishes, 400 being marketable and 591 unmarketable.. 
Haddocks formed the bulk of the catch, numbering 811, of which only 
340 were marketable ; there were also 60 gurnards, 23 codlings, and 58 
lemon dabs, as well as smaller numbers of other species. Two dog-fishes 
were taken in the net, and also a number of squids. 

The next place visited was Smith Bank, where a haul about the middle, 
in 19 and 20 fiithoms, was taken for an hour and ten minutes. 
The cod-end contained an immense quantity of gurnards, which filled 
fifteen baskets. One which was counted contained 178 of various 
sizes, so that on this basis the total number would be about 2670. There 
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were also in the cod-end 79 haddocks, nearly all small, 13 plaice, and 76 
comoion dabs. The contents of the small-meshed net filled six baskets, 
one of which contained 348 small haddocks, 93 dabs, 4 whitings, 3 
codlings, 103 gurnards, and 4 lemon dabs, so that the total number of 
small fishes which had passed through the meshes of the cod-end would 
number about 3300, mostly haddocks and gurnards. 

Two hauls were then made in Aberdeen Bay in the neighdourhood of 
Newburgh, in from 5 to 13 fathoms. In the first, for four hours 
and ten minutes, 384 fishes were caught, of which 242 were marketable 
and 142 unmarketable. Haddocks, plaice, whitings, and dabs formed 
the greater part of the catch, most of the haddocks being unmarketable. 
In the next drag 572 fishes were obtained, 274 being marketable, 5 of 
which were turbot. The particulars of these two hauls, the time of fishing 
being eight hours and fifteen minutes, are as follows : — 





Had- 
dock. 


Whit- 
ing. 


Gur- 
nard 


Turbot. 


Plaice. 


Lemon 
Dab. 


Common 
Dab. 


1-ong 

Rough 

Dab. 


Angler. 


I. 
II. 

Total 


41 
108 


48 
21 


13 


5 


364 


3 


65 
298 


3 


2 


144 


69 


13 


5 


364 


3 


363 


3 


2 



' The statistics showed that the total quantity of fish landed at the 
market amounts to 65^ cwts., as follows : — 

Cod. Codling. Ling. Hake. Haddock. Turbot Brill. Lemon Dab. Plaioew 
14i 3 If i 2U . i J f 18 

Dabflk Witch. Skate. Cat-fish. 
J i 2 i 



IV. 



Early in November another series of hauls was made in Aberdeen Bay 
by the ''Ocean Bride." The first, for three and a quarter hours, was 
between the ''Black Dog " and Newburgh, in 11 to 13 fathoms, and 689 
fishes were caught, of which 422 were marketable and 267 unmarketable. 
Haddocks numbered 185, all but 15 laige enough to go to market; 
there were 73 plaice, 163 common dabs, 9 cod, 63 codling, 154 
whiting, as well as a halibut and 3 turbot. Other five recorded 
hauls were made in the same locality in from 4^ to 13 fathoms, 
and the total number of fishes taken in the twenty-one hours and 
forty minutes of actual fishing was 2398, 1410 being marketable and 988 
unmarketable. The particulars are given in the following Table : — 





Cod. 


Codling. 


Had- 
dock. 


Whiting. 


Gurnard. 


Ling. 


Coal-fish. 


I. 
II. 

Total 


62 


181 
9 


«86 
66 


69 
298 


9 


1 


2 


62 


190 


761 


862 


9 


1 


2 
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Digitized by 



Google 



26 



Part III. — Tweaty-ihird Animal Report 





HAlibut. 


Turbot 


Plaice. 


Commoa 
Dab. 


Tiong 

Rough 

Dab. 


Skate. 


Angler. 


I. 
11. 

Total 


2 


3 


346 


59 
280 


70 


293 


12 


2 


3 


346 


289 


76 


293 


12 



V. 

The next series of trawling observations was made in the Moray Firth 
in the latter part of November, the trawler employed being the " Bracon- 
hill." Barghead Bay was first visited, and three hauls were taken there 
on the 2l8t and 22nd in from 5 to 15 fathoms. In the first the 
number of fishes secured in the three hours and fifteen minutes the drag 
lasted was 462, of which 421 were marketable. The bulk of the catch 
consisted of plaice, of which 405 were caught, mostly small and medinm8. 
Haddocks were scarce, only 28 being taken , and they were all unmarket- 
able. Seven brill were also included in this catch. In the next haul, 
for three hours and fifty minutes, 1385 fishes were obtained, 1145 being 
marketable and 240 unmarketable. The number of plaice was large, 
viz., 1072, and they were all marketable, chiefly small and mediums. 
Four turbot and 12 brill were also caught in this drag. The other 
two hauls on this ground were equally productive, the catches totalling 
1307 and 1493 fishes respectively, the greater proportion being market- 
able, and consisting chiefly of plaice. 

The vessel then steamed to the so-called " witch-ground," off Cromarty, 
and made a haul there in 27 to 30 fathoms for an hour and ten 
minutes with the small- meshed net around the cod-end ; there was a 
strong breeze from the N.N.E., with snow showers and a rough sea. 
The number of fishes in the cod-end was 310, of which 67 were market- 
able \ they chiefly consisted of whitings, witches, and dabs. The small- 
meshed net contained the following fishes : — 



Codling, - 


2 


Long Bough Dab, 


- 152 


Haddock, 


17 


Common Dab, - 


- 94 


Whiting, - 


■ 349 


Witch, - - 


- 21 


Norway Pout, - 


. 83 


Onmards, 


4 


Hake, - 


4 







Two other hauls were taken in this locality, the catches of which were 
not recorded; in the second the net was split and the ground rope 
broken, and the vessel lay to till morning and then returned to Burghead 
Bay, where a series of hauls were made. In the first of these, in 
from 7 to 19 fathoms, for four hours and a half, 1139 fishes 
were secured, of which 939 were marketable and 200 unmarketable. The 
plaice numbered 917, and the haddocks 155, all of the latter except five 
being too small for market; a turbot and 11 brill were also taken. 
In the next drag 1049 fishes were taken in the four hours and ten minutes 
it lasted, almost all marketable, viz., 998, and mostly plaice, which num- 
bered 962. In the third drag, for four hours and fifteen minutes, 1283 
fishes wore captured, 1199 of which were marketable; and in a fourth 
haul 1339 were taken, 1262 being marketable, plaice again forming the 
greater portion of the catch, which also included 7 turbot 18 brill. 



Digitized by 



Google 



of the Fishery Board for Scotland. 



27 



The vessel then proceeded to the Dornoch Firth, where three hauls 
were made. One of these was not recorded, and the first of the others 
was a small-meshed drag, which lasted for one hoar and was made in from 
6 to 10 fathoms, a moderate hreeze hlowing from the W.S.W. with 
rain, and the sea being smooth. In the cod-end there were 396 fishes, 
284 of which were marketable and 112 unmarketable. Most of the 
catch consisted of plaice, but there were also 57 large and medium had- 
docks, a cod, and a few dabs. The contents of the small-meshed net 
were as follows : — 



Codling, - 
Whiting, - 
Common Dab, 
Witch, - 



26 


Long Bough Dab, 


1 


408 


Plaice, 


- 30 


127 


Herring, - 


- 673 


1 


Sprat, 


- 79 



The second drag, in about 8 fathoms for four hours, gave 1650 
fishes, of which 1594 were marketable. The catch included 1252 plaice, 
5 cod, 348 haddocks, a halibut, and 2 turbot. The two drags, 
representing five hours' fishing, yielded 2046 fishes, 1878 being market- 
able. In this total the plaice numbered 1481 and the haddocks 409. 
The marketable and unmarketable fishes are as follows : — 





Cod. 


Cod- 
ling. 


Had- 
dock. 


Whit- 
ing. 


Coal- 
fish. 


Hall- 
but. 


Tut- 
bot. 


Plaice. 


Lemon 
Dab. 


Com. 
Dab. 


Thorn- 
back. 


I. 
II. 

Total 


6 


7 
10 


889 
20 


31 


1 


1 


2 


1,457 
24 


3 


12 

80 


3 


6 


17 


409 


31 


1 


1 


2 


1,481 


3 


92 


3 



Both among the haddocks and the plaice the proportion of the small 
fishes was inconsiderable compared with some other hauls. The numbers 
of the different classes were as follows : — 





let 


2nd 


Srd 


4th Unmarketable Tntal. 


Haddock, 


223 


166 


— 


— 20 409 


Plaice, 


4 


426 


307 


720 24 1481 



Before leaving the Firth some further hauls were made in Burghead 
Bay on the 26th. In the first of these, in from 6 to 19 fathoms 
and for four hours and a half, the number of fishes caught was 1017, 
922 being marketable. Haddocks were sparingly represented, the bulk 
of the catch consisting of plaice— 857 — and 2 turbot, 17 brill, 
and 2 witches were also included in the total. In the next haul, in 
16 to 20 fathoms, for four hours and twenty minutes, 1013 fishes 
were taken, 909 being marketable; they consisted mostly of plaice. 
The third haul was not completely recorded ; it included nine baskets of 
plaice. 

In the ten hauls made in Burghead Bay during this trip, the duration 
of actual fishing being being forty hours and j&ve minutes, the total 
number of fishes obtained was 11,487, or an average of 2865*6 per ten 
hours' fishing the marketable numbere4 10,038, the average per ten 
hours being 2504*4, and the unmarketable amounted to 1449, the 
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ayerage being 361*2. The particolara are giren in the accompanying 
Table:— 





Cod. 


Codling. 


Had- 
dock. 


Whit- 
ing. 


Coal- 
fish. 


Gur- 
nard. 


Halibut. 


Tur- 
bot 


BrilL 


I. 
II. 

Total 


19 


12 
59 


12 
840 


160 


1 


144 


8 


19 


121 


19 


71 


352 


160 


1 


144 


8 


19 


121 




Plaice. 


Lemon 
Dab. 


Black 
Sole. 


Witch. 


Com. 
Dab. 


Long 
Rough 
Dab. 


Skate. 


Angler. 


I. 
II. 

Total 


9,404 
56 


20 


1 


20 


878 
644 


10 


28 
9 


27 


9,460 


20 


1 


20 


1,022 


10 


87 


27 



The number of haddocks, it will be observed, was very small, and the 
remark is true indeed of round fishes generally. The ten drags yielded 
only one dozen marketable haddocks, the same number of codlings, while 
all the whitings were unmarketable. Flat-fishes, on the other hand, were 
abundant Nineteen turbot, 121 brill, 3 halibut, and 9404 plaice 
were taken to market, as well as 20 lemon dabs, a black or common 
sole, and some others. A considerable proportion of the plaice consisted 
of mediums, as the following statement shows : — 



Ist 2nd 3rd 4th Unmarketable Total 
Plaice, 91 4110 5090 113 56 9460 

In Aberdeen Bay, on the 28th, a haul was taken with the small-meshed 
net around the cod-end, in 19 to 21 fathoms, the drag lasting for one 
hour and fifteen minutes. The catch was a very poor oue, consisting of 
only 18 marketable fishes and 61 unmarketable, in the cod-end, or 
79 altogether, and it comprised 30 haddocks and 31 whitings, and only 
6 plaice. The small -meshed net contained the following : — 



Codling, 


48 


Common Dabs, 


53 


Haddock, 


46 


Long Rough Dabs, - 


11 


Whiting, 


- 806 


Herring, 


1 






Spiats, - 


6 



The total quantity of fish landed as a result of this trip amounted to 
183| cwts., as follows :— 



Ck)d. 



CodUng. 



Haddocks 
6f 



Turbot. 
^ 

Witch. 
3* 



Halibut. 

Conger 
i 



Brill. 
4 

Skate. 
6 



Lemon Dab. 



Plaice. Dabg. 
146i Sf 
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VI. 

In the early part of December another series of trawlings was made, 
the steam trawler employed being the " Loch Lydoch." In the Moray Firth 
Barghead Bay was the first place visited. A haul there on the 6th, in 
from 16 to 4| fathoms, but chiefly under 7, for four hours, gave 
1007 fishes, of which 849 were marketable and 158 unmarketable. 
Plaice formed the bulk of the catch; 747 were obtained, all 
but 9 being marketable. There were also 8 cod, 4 turbot, 21 
brill, and 3 lemon dabs. Only 20 haddocks were taken^ and they 
were all unmarketable. The plaice amounted to nine level basketf uls, 
five consisting of mediums, one of large, and the rest thirds. The 
weather was fine, the sea calm, with a gentle westerly breeze. 

The second drag, for four-and-a-quarter hours, was made in the same 
place and in the same depths, and the catch amounted to 1082 fishes, 939 
being marketable and 142 unmarketable. The number of plaice caught 
was 853, all being marketable; 11 were large, 291 medium, and 551 
small. Included in the catch were 18 cod, 2 turbot, 13 brill, and 
a cat-fish. Haddocks were very scarce, only seven being taken, 
one of which was marketable. In the same locality the third drag, for 
four hours and ten minutes, in from six to nine fathoms, yielded 1120 
fishes, of which 950 were marketable and 170 unmarketable. There 
were 860 plaice, aU marketable, twelve being large, 318 medium, and 530 
small. There were also ten brill, twelve cod, and thirty-two haddocks, 
of which only six were marketable. 

The next haul extended into deeper water, viz., twenty fathoms, but was 
mostlv about eight or nine, and in the four hours and five minutes it 
lasted 953 fishes were taken, of which 897 were marketable and 56 
unmarketable. The catch included 823 plaice, all marketable, two turbot, 
nineteen brill, a cod, and a few dabs. There were twenty-one haddocks, 
aU unmarketable. 

A drag for an hour with the small-meshed net around the cod-end of 
the trawl yielded in the latter 208 fishes, plaice again predominating. 

The small-meshed net contained 329 fishes, as follows : — 



Codling, - 


8 


Sand-eel, - 


6 


Whiting, - 


- 134 


Herrings, - 


- 129 


Common Dab, - 


- 18 


Sprats, 


- 23 


Long Rough Dab, 


1 







The vessel then steamed to the Dornoch Firth, where a few hauls were 
made. The first, with the small- meshed net around the cod-end, lasted 
fo^ an hour, and was made in from 4 to 9 fathoms. The number of 
fish taken was 213 — 178 being marketable and 35 unmarketable. The 
catch included 1 cod, 3 codling, 18 haddocks, all marketable, 156 plaice, 
and a few others. 

A few other hauls were made around a dan, placed in 12 fathoms. 
In the first of these, the drag lasting four hours and twenty minutes, 934 
fishes were secured, of which 811 were marketable. The catch included 
737 plaice, 55 of which were unmarketable, and 117 haddocks, all but ten 
of which were marketable. The next haul was not completely recorded ; 
it included two baskets of medium and one of small plaice, one basket of 
large and one of small haddocks. Another drag made in from 8 to 
12 fathoms, and lasting for &ve hours, yielded 850 fishes, 742 Wmg 
marketable and 108 unmarketable. Plaice formed the bulk of the catchy 
746 being taken, of which 33 were unmarketable ; only 7 haddocks 
c 
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were taken in this drag, all marketable. In the three recorded hauls, the 
duration of fishing being ten hours and twenty minutes, 1999 fishes 
were caught, 1733 being marketable and 266 unmarketable. The pro- 
portion of large and small haddocks and plaice was as follows : — 

1st 2nd 3rd 4th Unmarketable Total 
Haddocks, 4 18 110 — 10 142 

Plaice, — 406 498 640 95 1639 

The details as to the marketable and unmarketable are these : — 





Cod. 


Cod- 
ling. 


Had- 
dock. 


Whit- 
ing. 


Gur- 
nard. 


Plaice. 


Lemon 
Dab. 


Meg- 
nm. 


Com. 
Dab. 


Sole- 
netto. 


Thorn- 
back. 


L 

n. 

Total 


3 


6 
26 


132 
10 


1 
25 


3 


1,544 
95 


1 


1 


35 

88 


1 


9 
18 


3 


31 


142 


26 


3 


1,639 


1 


1 


125 


1 


27 



Some further drags were made in Burghead Bay with, on the whole, 
good catches of fis£ The depth was usually from 6 to 9 fathoms, 
the length of the haul about four hours, and the aggregate number of 
fishes for a haul varied from 631 to 1027. Plaice formed the greater 
part of the catches, but there were also a good few cod, turbot^ and brill, 
while haddocks remained singularly scarce. The aggregate numbers in 
the eleven recorded hauls here during the voyage — the duration of the 
fishing being forty-two hours and twenty minutes — were 9253 fishes, 
8032 marketable and 1221 unmarketable. The following Table shows the 
proportion of marketable and unmarketable of each kind : — 





Cod. 


Codling. 


Had- 
dock. 


Whit, 
ing. 


Cat-fish 


Gur- 
nard. 


Coal- 
fish. 


Halibut. 


I. 
II. 

Total 


71 


87 
172 


42 
187 


148 


1 


16 




1 


71 


209 


179 


148 


1 


15 




1 




Tiirbot. 


Brill. 


Plaice. 


Lemon 
Dab. 


Witch. 


Common 
Dab. 


Long 

Rou^ 

Dab. 


Flounder. 


1. 
II. 

Total 


15 


136 


7,530 
50 


8 
1 


17 


530 
628 


32 


2 


15 


136 


7,680 


9 


17 1,158 


82 


2 




Thom- 
back. 


Sandy 
Ray. 


Sand Eel. 


Sprat. 


Angler. 


Cottus 
Scorpius. 


Herring. 


L 
II. 

Total 


6 


1 
16 


1 


1 


41 


1 


11 


6 


17 


1 


1 


41 


1 


11 
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It will be observed that only 179 haddocks were taken, and of these only 
42 were marketable, or a proportion of about one haddock per hour's 
fishing. None of the 148 whitings caught were marketable, while 37 
out of 209 codlings were marketable. There were 15 turbot and 136 
brill, all of them being marketable. The bulk of the marketable fishes 
consisted of plaice, of which altogether 7580 were taken, all but 50 
being marketable. The proportion of large and small among the plaice 
was as follows : — 



1st 


2nd 


3rd 


4th 


Unmarketable 


Total 


62 


3222 


3854 


394 


. 50 


7580 



The vessel then steamed to Smith Bank, where a haul was made for 
an hour with the small-meshed net around the cod-end in from 19 to 22 
fathoms. In the trawl-net there were only 28 fishes, viz., a codling, a 
brill, and 26 plaice, all marketable. The small-meshed net contained 1968 
fishes, belonging to ten species, as follows : — 



Codlings, - 


- 53 


Sand-eel, 


1 


Haddock, - 


4 


Armed Bullhead 


1 


Whiting, - 


- 1861 


Liparis, 


3 


Gurnard, - 


2 


Herring, 


12 


Common Dab, - 


- 27 


Sprat, - 


4 



On the way to port a few hauls were taken in Aberdeen Bay, a strong 
N.E. wind blowing, with a rough sea and heavy rain. The first drag was 
for an hour, in from 17 to 19 fathoms, in the northern part, off the 
quarries, and the small-meshed net was used. The trawl contained 143 
fishes, of which 103 were marketable. The catch comprised 6 cod, 54 
codling, all marketable, 41 plaice, and a few othera In the next drag in 
the same locality, for four hours and &ye minutes, in from 17 to 19 
fathoms, 182 fishes were caught, of which 136 were marketable and 46 
unmarketable. Among the former were 19 cod, 24 codling, 2 halibuts, 
and 78 plaice. In neither haul were any haddocks taken. 

The following Table shows the proportion of the marketable and 
unmarketable fishes : — 





Cod. 


Cod- 
ling. 


Whit- 
ing. 


Hali. 
but. 


Plaice. 


Com. 
Dab. 


Long 
Rough 
Dab. 


Thorn- 
back. 


Groy 

Skate. 


Ang. 
ler. 


I. 
II. 

Total 


25 


78 
5 


10 


2 


119 


12 
24 


10 


83 


2 
4 


1 


26 


88 


10 


2 


119 


86 


10 


38 


6 


1 



The total quantity of fish landed by this vessel, as a result of its trip, 
amounted to 118 J cwts., as follows: — 



Cod. 
164 



Codling. 
8 



Hadiock. 
4 

Plaice. 
86{ 



Turbot. 

1 



Halibut. 
i 



BriU. 



Lemon Dab. 
I 



Dabs. 
8 



Skate. 
i 



Cataih. 
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A Trip to the Faeb6e Grounds. 

In April a trip to Faeroe was made by Mr. W. Chalmers, on board the 
steam trawler '* Star of the Wave," and records were taken by him and 
the skipper, Mr. S. Caie, which are here included, llie vessel left 
Aberdeen on the morning of the 22nd and arrrived at Faeroe early in the 
morning of the 24th, the voyage occupying forty and a half hours. 
Nearly all the fishing took place to the south-east of Fuglo, in deep water, 
and the weather was stormy, the vessel being compelled to lay to for 
twelve hours. The first haul was made about six and a half miles off, 
Fuglo bearing N.W. ; the trawl was dropped in 55 fathoms and hauled 
after four hours in 73 fathoms. The catch comprised 1048 fishes, of 
which all but three were marketable. Here it may be said that the offal 
or unmarketable fishes in the drags at the Faeroe deep water grounds bear 
a very small proportion to the marketable fishes, and offer a contrast to 
what usually obtains in, say, the Moray Firth. In this haul the number 
of codlings was very large, viz., 520, ail of them marketable ; there were 
5 cod, a ling, a tusk, 16 halibuts, 400 haddocks, mostly large and all 
marketable, 30 lemon dabs and 9 plaice, as well as 21 cat-fish, and a few 
others. In the next haul, on the same ground, the net was split, and a 
complete record was not made of the catch. It included, however, a 
basket of codling, 1 cod, 906 haddocks (all but 1 marketable), 4 halibuts, 
a ling, 11 cat-fish, 18 plaice, and 28 lemon dabs ; there were 15 offal fish. 
The next drag, also on the same grounds, in from 53 to 57 fathoms, for 
four hours, yielded 898 fish, all but 24 marketable. They consisted of 
the same kinds, codling being less numerous, and the haddocks numbered 
778, all of them being marketable. 

A number of hauls were made on this ground on the 24th and 25th, 
in some of which the net was split, and in one the cod-end (of single 
twine on this occasion for experimental purposes) gave way and most of 
the catch was lost. In one of the drags, for four hours, 15 baskets 
of large haddocks, one of mediums, and one and a half of smalls were 
taken, with about 200 cod, and a number of halibut, plaice, and ling. On 
the afternoon of the 25th the weather was so bad that the vessel had to 
run for shelter, and the next forenoon fishing was resumed about 15 miles 
off Videro in 60 to 67 fathoms, but with poor results, the net being split 
and a gale blowing. In the evening, fishing off Fuglo was resumed, and 
a number of hauls were taken in from 48 to 75 fathoms, haddocks, cod- 
lings, and cod forming the bulk of the catches. 

Altogether the vessel made 29 hauls in the Faeroese waters, leaving for 
Aberdeen on the morning of the 30th, and arriving in the port early on 
the morning of May 2. In some of the hauls the net was torn, and in 
other cases the catch was not completely enumerated. In 17 recorded 
hauls, the aggregate time of fishing being sixty-seven hours and twenty 
minutes, 13,932 fishes were captured, of which 13,767 were marketable 
and 164 unmarketable. The ratio per ten hours of fishing was 2069*2 
fishes, the marketable being 2044*8 and the unmarketable 24*4 per ten 
hours. The total number of the principal species taken in these hauls, 
and the ratio per ten hours' fishing, are given in the following Table : — 
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Cod. 


Cod- 
ling. 


Ling. 


Coal. 
Hsh. 


Had- 
dock. 


Whit- 
ing. 


Cat-fish. 


Tusk. 


No. . 
Average 


538 
79-7 


3,276 
486-4 


12 

1-8 


77 
11-4 


8,846 
1812-9 


5 
0-74 


175 
26-0 


3 
0-44 




Halibut. 


Plaice. 


Lemon 
Dab. 


Common 
Dab. 


Turbot 


Megrim. 


Angler. 


Na . 
Average 


165 
24-5 


191 

28-4 


331 
* 49-0 


180 
27-0 


4 
0-6 


1 
015 


61 
9-0 



The number of cod in any of the drags varied greatly — from nil to 
160 ; the number of codling ranged from 50 to 520 and 484, and in 
these hauls they were all marketable. The total of haddocks in the 
different hauls varied from 242 to 1153, and they were all marketable. 
Cat-fish were got in each of the 17 drags, their numbers varying from 4 
to 21 ; halibut were taken in 16 of the hauls, the numbers ranging from 
nil to 34 in the different hauls. Plaice were also got in each haul, the 
numbers varying from 4 to 27. Among lemon dabs, also taken in each of 
the drags, the numbers varied from 2 to 46. 

At already stated, the proportion of the unmarketable fishes from these 
grounds is small, and the sizes of the marketable are also large. The 
sizes of the haddocks and plaice taken were as follows : — 



Ist 


2Dd 


3rd 


4th Unmarketable 


Total. 


Haddock, 5,999 


536 


1,944 


— — - 


8,478 


Plaice, 176 


16 


— 


— — 


191 



The haddocks in one of the hauls referred to, 362 in number, were not 
classified ; and among the '^ 1st " in the above list are a number of " extra 
large.** 

One haul was made for thirty minutes with a small-m^hed net around 
the cod-end, in from 58 to 63 fathoms, south-east of Fuglo. The catch in 
the cod-end numbered 114 fishes, all marketable, comprising 1 cod, 48 
codling, 49 haddocks, 2 cat-fish, 1 halibut, 2 plaice, 3 lemon dabs, 7 
common dabs, and 1 thomback. Only 9 fishes were in the small-meshed 
net, viz. 3 haddocks, 253, 267, and 271mm. ; 1 common dab, of 159mm., 
and 5 sand-eels. 

Among the halibut were some small ones which were brought back and 
measured ; they ranged from 220mm. to 312mm. (eight and three-quarter 
inches to twelve and a quarter inches), and were 7 in number. 

The cod were stated to be spawning, and the haddocks far advanced. 
The quantity of the roes of haddocks and cod obtained and brought to 
market was ten and a half boxes. 

According to the market statistics, the total quantity of fish landed 
from this voyage amounted to 391 j cwts., as follows : — 

Cod. Codling, ting. Tusk. Saithe. Haddock. Halibut. Umon Dab. Plaice. 
111| 84 6 i 16 112 lOi 6 14 

Dabs. SkaU. Cat-fish. Monk. 
I 2 26 2 
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Place 


Date. 


Temperature. 


D^ipth 
in 


Time Trawl 
Down. 


Fiih Oaught. 






1 


1 




i 




No. 
taken to 
Market. 


No. 




Bemarks. 






i 


Fme. 


1 


Name. 


thrown 
Orer- 
boaid. 


Total 
No. 


1 

1 




1904. 






















1 

1 


1. Aber- 


Jan. 14. 








5 to 


7.0 


11.5 


Cod. .. .. 
Codling. .. 


2 




2 




deen Bay, 










20 


a.m. 


a.m. 


57 


"9 


66 




off New. 
















Haddook m, .. 


128 








burgh. 
















Whitlnff 

Phkioe^). .. 
Starry W. 


79 
64 
—256 

45 


5 
"5 


264 

6 

46 

5 




mi 


27 


887 


j 


2. 




41-7 


45-8 


48-0 


4* to 


11.30 


3.80 


Cod. .. .. 
Codling, .. 
Haddook U). . . 


1 




1 


1 
Wind S.W. ; etrong' 












u 


a.m. 


p.m. 


79 


.. 


79 


breeze ; rain. 


















20 


11 


81 


' 


















Whiting, .. 




18 


18 




















Plaice (8). 


20 




20 




















Com. Dab... 


28 


"1 


29 




















Long Bough Dab. 




4 


4 




















Herring 




14 


14 




















Sprat, .. .. 


•• 


22 


22 




148 


70 


218 




8. „ 


" 




•• 




8to9 


8.65 
p.m. 


ao 

p.m. 


Cod, 

Codling, .. 
Haddock (1). .. 
» («), .. 

Whiting, .. 
PlaioeTs), 


2 

50 
187 
80 
—217 


**S 
"4 


2 
68 

2i7 

4 


1 


















2* 


,, 


,, 




















., (4). 


4 
— 6 


•• 


"6 




















Starry Bay, 


•• 


*ii 


11 




275 


18 


293 


4. Off 


Jan. 17 






•• 


25 


3.80 


7.80 


Ctod 


20 




20 


aw. strong breeze. 


Lybeter. 












a.m. 


a.m. 


Codling. .. 
Haddock (8), .. 
Whiting. .. 
Plaice (1), 


12 
46 


"8 
100 
15 


15 

146 

15 




















4 ' 


























18 
























(8) 


88 




^^ 




















.. (4)! :* 


28 
—128 




i28 




















Com. Dab... 


•• 


28 


38 




206 


146 


852 




5. 




42-4 


46-0 


47-0 


34 to 


lao 


2.10 


Cod 


8 




3 


S.W. light breeae ; 












86 


a.oL 


p.m. 


Codling, . . 
Haddock (1), .. 

:: i :: 

Whiting, .. 
Catfleh, .. 
Plaice nx.. 

Com. Dab, 
Starry Bay, 


4 

12 

10 
135 
—157 

"*1 
86 
76 
50 
—162 

"*8 

880 


i58 
24 

*io 

192 


4 

815 
24 

I 

i62 
10 

522 


sea smooth. 

1 

1 

1 
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PUce. 



Date. 



TMDperatare. 



Depth 

Id 
Fma 



Time Trawl 
Down. 



FlshOaught 



Name. 



Na 
taken to 
Market 



Na 
thrown 
Over- 
board. 



Total 
Na 



Remarks. 



& Off 
Ljbrter. 



1904. 
Jan. 17. 



S4to 2.60 
85 p.m. 



Jan. 18 



414 



46-6 



47-0 



82 to 
84 



T.O 
p.m. 



7.80 
pim. 



6.0 
a.m. 



11.0 



0.20 



12 
noon. 



Ood. 

CkKuingr. . . 
Haddook aX 



71 



Whiting, . 
Coalfleh, . 
Plaioem. . 

Witch, . 
Com. Dab, . 
Skate, 



11.80 Cod, 

Dim. Oodlinff, .. 

Coal-flflh, .. 

Haddock Cli 



Plaice ( 



Whiting, .. 

li.: 

CkMn.Dab,.. 

Skate, 

Angler, 



Ood, 

Codling, . . 
Haddook (1), 



(2). 
(4X 



Whiting, .. 
Plaioem, .. 

.. (8),.. 

Com. Dab,.. 
Skate, 



Cod, 

Codling, .. 
Haddock Cli 

Plaice (2),.. 



1 
7 
4 
2 
94 
— 100 



1 
6 
2 
9 
14 
168 
— 191 



1 
88 

100 
48 

— 196 
2 



811 



-107 



818 



2 
6 
8 
14 
140 
— 162 



10 
46 
73 
— 128 



298 



1 
8 

60 

48 

— 108 
1 



108 



104 
16 



22 



149 



ICO 
4 



48 



176 



92 
26 



28 
2 



160 



204 
16 

1 



195 
2 



460 



291 
14 



107 
48 
10 
8 



488 



S54 

26 



128 

28 

2 



448 



108 

1 



106 



Net split. 



NetallepUt. 

Left for Sandtide 
Bay, but forced to 
return ; too much 
wind in Pentland 
Firth. 
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Temperature. 




Time Trawl 


FldiOaught. 








VXwm, 


Date. 




D^th 










Bonarka. 




6 d 1 




1 






Na 








ti 




1 


Fma. 


1 


Name. 


Na 
taken to 


thrown 
Orer- 


Total 
Na 








-^^ 


1 






Market 


boaid. 






1904. 
























10. Off 


Jan. 18. 




. , 




25 to 


4.80 


aao 


OodHnff. .. 


12 


17 


29 




Lybttor. 










26 


p.m. 


p.m. 


Haddock (1), .. 

:: \i :: 

Whiting. .. 
Brill. 

Lemon Dab. 
Plaioe(l). ^ 
M (2)... " 

Com. Dab, 


10 
2 
72 

— 84 

"l 
88 
7 
31 

— 38 


i90 
38 

72 


274 

88 

1 

83 

88 
72 




1 
11. „ 


Jan. 18 










9.35 


1.35 


Long Rough Dab, 
Cod, 




7 


7 




168 


324 


492 


2 




2 




and 9. 










p.m. 


a.m. 


Codling, . . 
Haddock (1). 

„ (2). .. 

.. (4), .. 

Whiting 

Plaice a). . 


14 

6 

8 
143 
—157 


ii 

06 
30 


25 

253 
80 




















6* 
























„ (2) 


38 




. , 




















„ (3) 


40 


, , 
























— 84 




*84 




















Com. Dab,.. 




46 


46 




















Skate. 


* 4 




4 




















Angler. .. 




'*8 


8 




261 


191 


452 


12. .. 


Jan. 19. 


44-4 


46-7 


46-0 


SSto 
24 


8.80 
a. in. 


8.0 
a.m. 


Codling 

Haddock (1% 

:: '^ :: 


6 
14 
30 


11 


17 


S.W. light breese: 
eei smooth. 


















28 


























— 72 


'89 


i61 




















Whiting, .. 




42 


43 




















Brill 


"l 


^^ 


1 




















Lemon Dab, 


6 




6 




















PUice(l) 


3 
























.. (2X .. .. 


14 




,, 




















16 


























— 83 




33 




















Herring. . . 




1 


1 




















Skate, 




2 


2 




















Angler 




1 


1 




118 


146 


264 


13. Sandside 


Jan. 20. 








40 to 


1.80 


5.35 


Cod, 


1 




1 




Bay 










48 


a.m. 


a.m. 


Codling 

Haddock (1), .. 

:: U :: 

Whiting 

Grey Gurnard, . . 
Lemon Dab, 
Plaice (D... 


4 

2 

28 

41 

— 71 

30 
9 
20 


"6 

'68 
20 
14 


10 

139 
20 
14 
SO 




















16 


























— 45 




45 




















Com. Dab,.. 


18 




18 




















8kat« 




io 


16 




















Dog-ltah 




81 


81 


- 


169 


155 


824 
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Temperatare. 


Depth 

in 
Fma. 


Time Trawl 
Down. 


Fish Caught 






Bcmarka. 


; pu<* 


Date. 




i 


1 




'i 




No. 


No. 
thrown 


Total 


1 




. 


^ 




1 


"3 


Name. 


taken to 


Over- 


No. 




I 






< 


1 


& 




n 




Market. 


board. 


. 


14. Sand- 


1904. 
Jul. 20. 


461 


47-6 


♦7-7 


28 to 


&10 


ia2o 


Cod 


1 




1 
8 




side Bay. 










40 


a.m. 


a.m. 


Codling. . . 
Haddock a). -. 


8* 


3 




















,. <2). 


28 




.. 




















„ (3>. 


10 
























„ (4), 


21 








1 


















— 62 


*44 


106 




1 
















Whitintr. .. .. 




12 


12 




1 
















Grey Gurnard, .. 




16 


16 




1 
















Lemon Dab, 


'28 




28 






















Plaice (I) 


11 


























M <2> .. .. 


26 




.. 






















:; (3»;.. .. 


80 
— 67 




67 








Jan. 21. 


421 


48-2 


4«'5 


23 to 


5.15 


9.30 


Com. Dab,.. 
Cod, 


17 




17 






176 


75 


260 




1 

15. OITOrd 


19 






Wind S.W. : very 


of Caith- 










24 


SLID. 


am. CodUng, .. .. ; 4 


12 




squally at nights. 


ness. 
















Haddock «1>, .. , 10 
2). .. 1 26 


•• 


•• 




i 
















,; '3), .. 


14 
— 59 


'48 


107 




' 
















Whiting, .. .. 




4 






















Liemon Dab, 


io 


.. 






















Plaice (1), . . 


11 


.. 






' 
















M (2), .. 


27 




.. 




' 
















„ (3» 


40 




























— 78 




78 






















Com. Dab 




i28 


128 






















Long Rough Dab, 




27 


27 






• m 










23 to 


11.0 


a 15 


Angler, .. 

Cod, 

Codiing, .. .. 


•• 


16 


16 






170 


286 


405 






1 




1 




' »» 


** 








25 


a.m. 


p.m. 


3 


'2 


6 




















Haddock (1), 


2 




.. 




















»» !2l. .. 


48 


.. 






















3 


10 
— 60 


*78 


iss 




















Whiting, .. 




17 


17 




















Cat-flsh, .. 


"l 




1 




















Lemon Dab, 


16 




16 




, 
















Plaice (11 


14 












. 




1 






„ (2), .. 


29 


.. 










• 








l3i .. .. 


34 








1 






.. 








;; V, .. .. 


7 
— 84 




84 




1 
















Com. Dab,.. 


, , 


i46 


146 




















Ix)ng Rough Dab, 




28 


28 












.. 


23 to 


4.0 


8.15 


Skate, 

Cod 


"4 


6 


10 






169 


277 


446 




\ 17 „ 


2 




2 








" * j ' " 24' 


p.m. 


p.m. C^liiiff 


6 


'2 


8 














: Haddock (1), 


1 


.. 












. . 1 1 




1 ., <2», 


12 




.. 










' 


. '3'. .. 


10 














: 1 








— 23 


80 


63 












! 






Whiting, .. 




1 


1 












' 






Lemon Dab, 


"7 




7 




















Plaice a), .. .. 


16 


.. 


.. 




















32 




.. 




















M (8),'.*.* ;." 


20 
— 68 


•• 


68 






















Com. Dab, 




'i7 


17 




r 


















Angler, 




6 


5 






106 


56 


161 
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Temperature. 




Time Trawl 
Down. 


Fidi Caught 










Date. 




Depth 












Place. 




1 


j 


in 


1 _2 






Na 




Renarka. 






i 


TWM. 




1 


Name. 


No. 
taken to 


thrown 
Over- 


Total 
No. 








& 


£ 




s 






Market. 


board. 






1904. 
























18. Off Ord 
of Caith- 


Jan. 21 
and 22. 




•• 




28 to 
24 


9.0 
p.m. 


LIO 
a.m. 


Sdiing. :: 


"% 


•• 


**8 




ness. 
















Haddock a). 

:: §5: :: 


4 
86 


]* 






















18 


























— 68 


41 


'99 




















Whiting, .. 


.. 


6 


6 




















PlaiceQ), .. 


17 
























., hi- .. 


80 




., 




















„ (3X.. .. 


28 

— 60 


•• 


« 




















Com. Dab, 


.. 


82 


82 




















Long Rough Dab, 


**8 


14 


14 

8 






Jan. 22. 








24 


7.0 


11.5 


Angler 
Codling, .. 


•• 


*i2 


12 






188 


104 


242 




19. „ 


10 




10 


WindN.W.,Btrong' 
breeze ; very dull. ! 














a.m. 


a.m. 


Coal-flsh. .. 


2 


.. 


2 


















Haddock (1), 


15 
22 


•• 




t 


















18 


,. 
























— 50 


87 


i37 




















Whiting, .. 


.. 


8 


8 




















Cat-fleh, .. 


1 


•, 


1 




















Plaioe(l) 


8 


.. 


,, 




















II (8)1 .. 


20 
87 


•• 






















» (4). .. 


5 
— 70 


•• 


*70 




















Com. Dab,.. 


., 


86 


86 




















Long Rough Dab, 


.. 


14 


14 








41-0 


48-7 


46i'0 


24 to 


11.45 


4.10 


Skate, .. 
Codling, .. 


5 


•• 


5 






188 


145 


288 


20. „ 




8 


8 












25 


a.m. 


p.m. 


Coal-flsh 

Haddock m. 

II (3)1 

Whiting, .. 
Cat-fish, .. 
Conger- Eel, 
Plaice (1),.. 


*2 

"l 

2 
11 
26 


i62 

16 


2 

i62 

16 

1 
2 




















29 


• • 


\\ 




















II (4)1.. .. 


6 
— 72 




*72 




















Com. Dab,.. 


,, 


*60 


60 




















Long Rough Dab, 


.. 


21 


21 














28 to 


4.85 


8.45 


Skate, 

Cod 


2 


8 


5 






79 


200 


279 


21. „ 


4 


• • 


4 








i 




25 


p.m 


p.m. 


Codling 

Haddock ax •■ 


7 
16 


5 


12 






1 












» (2), 


20 


.. 
























— 86 


02 


i28 




















Whiting 

Plaice ax.. 


.. 


21 


21 




















14 




















1 




22 


,, 






















(8) .'. \\ 


10 


,, 
























— 46 


., 


46 




















Com. Dab,.. 




80 


80 




















Long Rough Dab, 


"2 


26 
2 


26 

4 






05 


175 


270 
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Fiftoe. 



Date. 



Temperature. 



Depth 

in 
Fma. 



Time Trawl 
Down. 



Fish Caught 



Name. 



No. 
taken to 
Market. 



No. 
thrown 
Over- 
board. 



Total 
No. 



Reroarkt. 



22. Witch 
Ground, 
off Kin- 
naird 
Head. 



1904. 
Jan. 28. 



40 to 
45 



4.80 
a.m. 



&46 
a.m 



Ood, 

Ckxllinsr, 

Haddock 



Whiting, .. 

Witch 

Com. Dab,.. 
Long Rough Dab, 



— 78 
78 



(2,142) 
(1.281) 



"Offal" consisted 
of seven baskets, 
one of which was 
counted. 



168 



(4,876) 
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TRAWLING INVESTIGATIONS— TABLE 


I. 










Temperature. 




Time Trawl 


Fi8h Caught 






Place. 


Date. 




Depth 










Remarks. 




tt 


1 


in 




1 




Na 








a 

^ 


1 


Fma 


1 


No. 
Name. taken to 
Market. 


thrown 
Over- 
board. 


Total 
No. 






1004. 
























1. fiurghead 


Mar. 28. 


,, 




,^ 


9to80 


4.30 


&80 


Codilng, \\ '.'. 
Ooal-flsh .. 


2 




2 




BiV. 












p.m. 


p.m. 


"i 


'*8 


8 
2 




















Haddock (3), 


200 


'20 


220 




















Whiting 


130 


20 


160 








_ 












Cat-fish 


5 




6 




















BriU, 


24 


., 


24 




















^>»»<*fl) 


8 

8 

206 
























;; k:: :: 


•• 


•• 






















—222 


,, 


222 




















Lemon Dab (1), .. 


19 


. , 


19 




















Witch (I),.. 
Com. Dab 


112 


10 


181 




















63 


313 


»66 


















Long Rough Dab, 




14 


14 


1 


















Thomback Ray, . . 


ii 


6 


17 


















Angler, . . 




17 


17 




















Herring, . . 




5 


6 




780 


422 


1202 


1 


2. „ 


Mar. 28 
and 29. 






_ 


6 to 16 


&55 
p.m. 


12.55 
a.m. 


Cod, 

Codling, .. 
Haddock (3), .. 

WhiUng 

Cat-fish, .. 
Brill, 

"rSi::: :: 

,. (8) 

M (4), .. 

Lemon Dab, 

Witch 

Com. Dab, . . 
Thomback Ray, . . 
Angler, . . 


1 

87 
23 
6 
40 
28 
104 
70 
100 
— 802 
20 
15 
00 
83 
7 


io 

62 
16 

28 

'20 

270 

8 

2 


1 

10 
89 
89 

6 
40 

825 
20 
86 

860 
41 



1 


574 


401 


976 


3. „ 


Mar. 20. 








4 to 10 


1.15 
a. in. 


5.85 
a.m. 


Cod 

Codling, .. 


8 
8 




3 
8 




















Haddock (IX .. 1 




, . 




















.. (3). .. 


17 
— 18 


"4 


22 




















Whiting, .. 


7 


2 























Cat-fish 


2 




2 




















Grey Gurnard, . . 
Turbot, . . 




1 


1 
















' 


"2 




2 














, 


Brill 


23 


^^ 


23 












, 






Plaice (1) 


46 




,. 


















M (2) 


SO 




., 




















» (3),.. .. 


120 
— 245 


'72 


3i7 




















Lemon Dab, 


10 





12 




















Witch, .. 





5 


14 




















Com. Dab,.. 


80 


191 


271 




















Long Rough Dab, 


.. 


4 


4 




















Thomback, 


11 


1 


12 




















Angler, . . 




1 


1 




















Lumpeucker, 


•• 


2 


2 




413 


286 


686 
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TRAWLING INVESTIGATIONS-TABLE 


I. 






1 




Temperature. 




Time Trawl 
Down. 


Fish Caught 










Date. 




Depth 
in 










Remarks. 


, Phee. 




i 


^ 




1 






No. 










Q 


Fms. 


- 




No. 


thrown 


Total 








u 


% 


ti 




o 


2 


Name. 


taken to 


Over- 


Na 








^ 


<s 


s 




a 


S 




Market. 


board. 








1904. 
























4. Barfbeatl 


Mar. 29.; .. 






4tolG 


5.50 


11.16 


Cod, 


2 




2 




BV. 


1 

t 
t 








a.m. 


a.ni. 


Codling, .. 
Haddock (1), .. 
(3), .. 

Whiting, .. 
Cat-flah, .. 


16 

15 

150 

— 165 

60 

4 


'*9 

43 
15 


25 
208 

'I 




















Grey Gurnard, .. 
Turbot, . . 


11 


"7 


18 




















2 




2 




















Brill, 


18 




13 




















Plaice (n 

„ (2) 


23 








1 
















92 








1 


















226 
























235 


























— 576 




570 




















LemoB Dab, 


30 




80 




















Witch 


5 


io 


21 




i 
















Flounder, . . 




9 


9 




1 
















Com. Dab 


260 


856 


1116 




















Lonff Rough Dab, 




180 


180 




















*23 


5 


28 




















Herring, . . '.. 




8 


8 




















Thomback, 


*i4 


1 


16 




















Lumpeucker, 




1 


1 






1181 


1160 


2831 


ScOffLoi. 
lieiDoath. 


" 






. 


13 


1.85 
p.m. 


5.85 
p.m. 


Codling, '.'. 


1 
2 




1 
2 


Trawling round 
"Dan." 


I^MJemouih 
heuingW. 
















Haddock (1), .. 

Whiting 

Cat-flsh, .. 
Grey Gurnard, . . 

Plaice (1), .*.' 

;: 1: :: 

Lemon Dab, 
Long Rough Dab, 
Com. Dab,.. 
liUmpeucker, 


6 

30 

— 86 
24 
1 
10 
8 

43 
SO 
16 

—107 
2 


*io 

68 

1 


36 
24 

1 
10 
8 

i67 

2 
10 
68 

1 






101 


79 


270 


oL^ 


Mar. 30. 


** 




■ 


44 to 


12.40 


5.0 


Cod, 


8 




8 




BnrghetMl. 










45 


a.m. 


a.m. 


SS'^:: :: 

.. (3X .. 


4 
5 
67 


"2 


6 
5 




















28 


^^ 


" 




















693 


























— 788 


29 


8i7 




















Whiting, .. 


146 


6 


152 






• 














Grey Gurnard, . . 
Brill 


3 


1 


4 




















1 




1 




















Plaice (1),.. .. 


5 
























M Is), :; ;: 


18 




,, 




















2 


,, 


.* 




i 


















— 20 




20 




















Witch, .. 


180 


89 


209 




















Lemon Dab, 


106 


1 


100 




1 
















Megrim, .. .. 


1 




1 




















Com. Dab,.. 


14 


60 


88 




















Angler. .. 
Long Bough Dab, 


6 


2 
160 


7 
160 




















Thomback, 


•• 





9 






1280 


868 


1688 
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Time Trawl 
Down. 


Fish Caught 








PUot. 


Date. 




Depth 
in 










Remarks. 




i 


-g 




-i 






No. 










Fms. 


i 




No. 


thrown 


ToUl 
No. 








»; 


t 




1 


Name. 


taken to 


Orer- 








•^ 


m 


2 




S 




Market. 


boaid. 






1904. 
























7. Off 


Mar.aa 


.. 






44 to 


6.20 


8.66 


Cod 

CodUng, .. 
Haddock (1), 


7 




7 




Burghead. 










46 


a.ra. 


a.m. 


S 




8 




Covesea, 
















138 








8. W. by W. 
















M (2). .. 


102 




.. 








' 










(3). .. 


1668 
1898 


29 


1927 


















Whiting, .. 


246 


5 


261 


















Hake, 


17 




17 








1 










Grey Qumaid, . . 
Brill, 


1 




1 




















1 




1 . 




















Plaice (1),.. 


3 
























» hi' '• 


6 
























„ (3X.. .. 


1 
— 10 




io 




















Lemon Dab, 


26 


"1 


27 




















Witch 


246 


87 


i:82 




















Megrim, .. 


1 




1 




















Com. Dab, 


25 


98 


123 




















Long Rough Dab, 




1368 


1868 




















Herring, . . 




1 


1 




















Norway Pout, . . 




10 


10 




















Angler, .. .. 


"3 


2 


6 




















Grey Skate, 


.. 


2 


2 




















Thombock, 


., 


1 


1 




















Bib, 




1 


1 




















Lumpemu, 




2 


2 




2483 


1647 


4080 


1 
8. 










16 to 


9.15 


11.40 


Oodhng, .'! 


4 




4 














44 


a.m 


a.m. 


3 


"3 


6 




















Haddock m. 


2 
.80 
24 




2 




















;; (3),' .. 


762 
—816 


'21 


837 




















Whiting, .. 


138 


1 


139 




















Grey Gurnard, .. 
Brill, 


13 


7 


20 




















8 




8 




















Plaice m... 


9 


























26 

11 

— 46 




'46 




















Lemon Dab, 


46 


"6 


51 




















Witch, .. 
Com. Dab 


4 


2 


6 




















8 


90 


96 




















Long Rough Dab, 
Angler, . . 




212 


212 




















"2 


1 


3 




















Norway Pout, . . 




1 


1 




1083 


344 


1427 


9. Dornoch 










5 toll 


3.30 


7.80 


Cod, 

Oool-flrfl. *.'. W 


69 




09 


Weather fine; sea 


Firth. 












p.m. 


p.m. 


1 
2 


•• 


1 
2 


smooth. 


















Haddock,.. 


7 




7 




















Oat-toh 


1 




1 




















Plaice, .. 


183 


**6 


188 




















Lemon Dab, 


7 




7 




















Witch, 
Com. Dab, 


1 




1 




















30 


"6 


86 




















Flounder, . . 


95 


28 


128 




















ThombackRay, .. 


8 


4 


12 




















Grey Skate, 




8 


8 




354 


46 


400 
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Temperature.. 




Time Tr&iil 
Down. 


Fish Caught 






Plaofr 


Date. 




Depth 

in 
Fms. 








4 
Remarks. 




§ 


^ 


^ 


1 




No. 


No. 
thrown 


Total 
Na 






i 


^ 


1 




1 


Name. 


taken to 


Over- 








00 




a 




Market 


boanL 






1904. 
























10. Dornoch 


Mar.aa 


,. 


.. 




6 to 


&0 


12.0 


Cod 


48 




48 




ffrth. 










16 


p.m. 


p.m. 


Cat-fish 

Plaicem, .. 

Lemon Dab, 
Com. Dab,.. 
Flounder, .. 
Thomback Ray, . . 
Orey Skate, 


16 
14 

67 

— 87 
1 

36 
19 
6 


"2 

2 

**5 


2 

*87 
1 
8 
38 
19 
10 




IL „ 


Mar. 81. 








10 to 


LO 


6.0 


Sprat 

Cod. .. .. 
Coal-fish, .. 




2 


2 




190 


11 


210 


282 




282 












16 


a.m. 


a.m. 


6 




6 




















Haddock,.. 


8 




3 




















Plaice (1),.. .. 


18 
























.. (2),.. .. 


8 
— 21 


•• 


'21 




















Lemon Dab, 


9 


.. 


9 




















Witch 

Thomback, 

Cod, 


7 




7 














10 to 


6.65 


lao 


6 


.. 


6 




838 


.. 


388 


12. ., 


269 




269 












10 


a.m. 


a.m. 


Codling, .. 
Haddock,.. 
Cat-fish, .. 
BriU, 

-rg^-: :: 

Lemon Dab, 
Witch, .. 
Flounder, . . 
Com. Dab, 


1 
1 
2 
2 

81 

14 

— 45 
7 
6 
4 
1 


1 

"2 
4 


2 

1 
2 
2 

'45 
7 
6 
6 
5 




^ .. 




441 


41-6 


41-4 


5 to 


ia60 


2.60 


Thomback Ray, . . 
Cod, . .. 


24 


7 


81 




852 


14 


866 


43 




48 












10 


a.m. 


p.m. 


Coal-fish, .. 
Oat-flsh, .. 
BrUI. 
Plaice m,.. 

II hS, .'. V. 

u (4) 

Flounder 

Lemon Dab, 
Com. Dab,.. 
Thomback, 


2 
2 
2 

15 

81 

78 
147 

~82 
1 

20 
20 


"1 
**5 


2 
2 
2 

267 

82 

1 

25 

20 




14. .. 


>» 








7 to 


6.25 


9.26 


Grey Skate, 

Cod 




6 


6 




438 


12 


450 


58 




58 












16 


p.m. 


p.m. 


Codling 

Haddock (1), .. 
C^t-fish, .. 
Plaice (1), .. 

» (2). .. .. 

M (4). .. .. 

Lemon Dab, 

Witch 

Flounder,.. 
Long Rough Dab. 
Thorahack. 
Grey Skate, 


3 
24 
5 
11 
18 
5 
— 29 
8 
1 
18 

*i6 


"8 
"9 


8 
24 
5 

*29 
8 
1 

18 
8 

15 
9 




! 


















161 


12 


178 
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Temperature. 


Depth 

in 
Fms. 


Time Trawl 
Down. 


Fish Oaugfat« 


Remarks. 


Place. 


Date. 




1 


1 


^ 


i 
1 


Name. 


No. 
taken to 


No. 
thrown 
Over- 


Total 
No. 






5 


9 
V5 


£ 




S 


s 




Market. 


board. 




1. FromofT 


1904. 
April 1. 




41-3 


41-8 


30 to 


0.0 


10.0 


CJod 


7 




7 




Findhom 










32 


a.m. 


a.m. 


Ooal-flsh 


1 




1 




to off 
















Haddock (1), 


5 








Burghead. 
















(2), 
.. (3), .. 

Whiting, .. 
Witch. . . 
Megrim, . . 
Lemon Dab, 
Com. Dab,.. 
Long Rough Dab, 
Flounder, .. 
Thomback, 

Angler 

Herring, . . 
Norway Pout, 
LumpenfiKt 
Sprat, 


5 

6 

— 16 

17 

165 

1 

9 

10 

1 

1 

1 


1 
3 
10 

"2 
13 
3 

is 

27 

40 

12 

8 


17 

20 

175 

1 



12 

14 

4 

1 

13 

27 

40 

12 

8 




229 


127 


3^6 


2. Smith 










22 


3.20 


4.5 


Codling 


10 


2 


12 


Net caught on bot- 


Bank. 




• 








p.m. 


p.m. 


Haddock (1,2), .. 
M (3), .. 

Whiting. .. .. 
Oat-flsh, .. 
Plaice, 
Iiemon Dab, 


26 

15 

— 41 
3 
3 
2 



**1 

1 


'42 
4 
8 

2 
6 


tom and was 
hauled. SmaU- 
meshed net ex- 
periment 


65 


4 


69 


3. Deep 
Hole, off 


Sept 28. 




64J 


68J 


75 


11.46 


1.45 


Cod 

Codling, .. 


44 

150 


'20 


44 

170 




Fraser- 
burgh. 
















H^<iock(i), 

:: \i :: 


no" 

99 


1 


1 




















421 


























— 630 


195 


825 




















Whiting, .. 


44 




44 




















Grey Gurnard, . . 




ii 


11 




















Cat-fleh, .. 


1 


.. 


1 




















Lemon Dab, 


18 




18 




















Witch, 


1 




1 




















Megrim 


11 




11 




















Long Rough Dab, 




44 


44 




















Grey Skato, 


1 


6 


7 




900 


277 


1177 


4. Burghead 
Baj. 


Sept 29. 








5to8 


1.20 
a.m. 


5.30 
a.m. 


Codling, 

Haddock (IX 

„ (2). .. 

» (3), .. 

Qrey Gurnard. . . 
SapphirineGumard, 
Lemon Dab, 
Plaice (8),.. 

Oom. Dab 

Long Rough Dab, 
Thomback, 


1 

7 

8 
61 
— 71 

2 
108 

2 


800 
5 

1 

**8 

92 

6 


1 

m 
5 

1 
2 

116 

92 

6 

2 




















Angler. .. 




1 


1 




184 


418 


697 
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TRAWLING INVESTIGATIONS— TABLE I. 










Temperature. 




Time Trawl 
Down. 


Fish Caught. 








Date. 




Depth 
in 








Remarks. 


Place. 




i 


1 




4 


1 


Na 










Fms. 


^ 


1 No. 


thrown 


Total 
No. 








i 


X 




o 


Name. taken to 


Over- 








00 


& 




s 


» 




Market 


board. 






1904. 
























S.Biirghead 


Sept 20. 








« to 


6.5 


10.15 


Codling, . . 
Haddock (1), 


8 




3 




Bay. 










llj 


a.m. 


p.m. 


20 
























(2), 


45 
























.. (sy, .. 


430 
— 495 


699 


1194 




















Grey Oumard, . . 
Whiting, .. 

Lemon Dab, 




82 


82 




















27 


16 


43 




















27 
8 




27 
8 




















Com. Dab,.. 




86 


85 




















Thomback, 


1 




1 




















Angler, 


•• 


"l 


1 






556 


783 


1389 


6. Between 






540 


540 


7to 


11.16 


2.30 


Cod 


42 




42 




LoOTie- 










12 


a.m. 


p.m. 


Codling, . 


15 




15 




mofathand 
















Haddock fl), 
(2X 


25 








BurgbeMl. 
















14 
188 




•• 




















— 177 


iTO 


847 




















Whiting, .. 


38 


6 


89 




















Grey Gurnard, . . 




22 


22 




















Plaice, .. 


" 11 




11 




















Lemon Dab, 


7 




7 




















Witch, .. 


2 




2 




















Angler, . . 




'4 


4 




















Com. Dab,.. 




9 


9 






287 


211 


498 


7. ., 


n 








Oto 
10 


4.55 
p.m. 


».80 
p.m. 


Cod 

Codling, .. 
Haddock (1), 

Whiting, .. 
Grey Gurnard, . . 

I^mon Dab, 
Com. Dab,.. 
Angler, .. 


7 
14 
22 
15 
250 
— 287 

**145 
5 


800 
18 
28 

'55 
88 


7 
14 

587 
18 
28 

145 

5 

55 

38 






458 


484 


892 


8. Between 


Sept 20 








8 to 10 


10.0 


20 


Cod. .... 
Codling, .. 
Whiting, .. 
Haddock (1), 


2 




2 




Hopeman 
and Cove- 


andsa 










p.m. 


a.m. 


9 


*i5 


9 
16 




eeaUgfat 
















10* 
88 
175 
























:: 111: :: 


























— 227 




227 




















Grey Gurnard, . . 
Brin, .. .. 




io 


19 




















8 




8 




















PUice 


423 




428 




















Lemon Dab, 


4 




4 




















Black Sole, 


4 




4 




















Com. Dab,.. 




89 


89 




















Angler 


.. 


42 


42 




















Thomback, 


4 




4 




















Wraese, .- 


1 




1 






677 


166 


842 
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TRAWLING INVESTIGATIONS— TABLE 


I. 










Temperature. 




Time Trawl 
Down. 


Fish Oaught 






Plaoe. 


Date. 




Depth 
in 










Remarks. 




^ « 




1 






Na 








u 


1 


1 


Pms. 


i 


Name. 


No. 
taken to 


thrown 
Over* 


Total 
No. 








•^ 


S 




JS 
OQ 


a 




Market. 


board. 






1904. 
























9. Off 


Sept. 30. 




58-6 


64-0 


7to9 


6.66 


11.16 


Codling, .. 


6 


1 


7 




Hopeman. 












a.m 


a m. 


Haddock a), 


3 
6 
16 
























., (2J, 
(8), 


























— 24 


84 


68 




















Grey Gurnard, . . 
Bfiii, .. .. 




128 


128 




















1 




1 




















'r8{;:: :: 


68 
























77 




, , 






















— 130 




180 




















Lemon Dab, 


11 




11 




















Com. Dab, 





i44 


168 




















Thomback, 


1 




1 




182 


802 


484 


10. Off 










17 


1.0 


2.46 


Codling, . . 


2 




2 




Loesie- 












p.m. 


p.m. 


HaddockYlX 


07 


., 






mouth. 
















Whiting, .. 
Grey Gurnard, . . 

"^'^z :: 


67 
160 • 

— 814 

9 

30* 
60 

— 80 


200 


200 

'so 




406 


2O0 


606 


11. Between 










7to9 


8.26 


7.80 


Cod. .. .. 
Codling 


8 




8 




Lowiemouth 












p.m. 


pjn. 


6 




6 




and 
















Haddock (2X 


48 


26 


78 




Burghead. 
















GrevOumard, . . 

BriU, ^ V. '.'. 
Plaice a), . • 

n (2), .. .. 

Lemon Dab, 
Com. Dab,.. 
Angler, . . 
Thomback, 


1 
8 

14 

81 
— 46 
1 
3 


182 

41 
2 

1 


182 

1 
8 

46 

1 

44 

2 

1 




110 


201 


311 


12 „ 


Sept 80 
A(Oct.l 








7to 


9.36 


1.80 


Ood, 
Codling, . . 


4 




4 


A few crabB. 










10 


p.m. 


a.m. 


32 


19 


61 




















^i^M^a'X 


6 
28 

80 




6 




















;; (8). :: 


448 
— 646 


870 


1425 




















Whiting 




7 


7 




















GrevOumard, . . 


2 


201 


201 
3 




















BriU, ' ." 


8 




8 




















Lemon Dab, 


7 




7 




















Plaice (1),.. 

M (2), .. .. 


143 
























309 


























— 852 


"6 


868 




















Com. Dab,.. 


14 


1068 


1082 




















Angler, . . 




8 


8 




















Thomback, 


2 


2 


4 




972 


2186 


8167 









Digitized by 



Google 



of the Fishery Bocurd for Scotland, 



47 



TRAWLING INVESTIGATIONS-TABLE I. 









Temperature. 


Depth 


Time Trawl 
Down. 


Fish 


Caught. 








Place 


Date. 




1 


1 


in 




•8 
1 




No 




Remarks. 








i 


Fms. 


^ 


Name. 


No. thrown 
taken to Over- 


Total 
Na 










00 


1 




S 


» 




Market 1 board. 








1904 
















1 








IS- Between 


Oct. 1. 








7 to 10 


2.56 


6.45 


Cod, 
Codling, . 


8 .. 


8 






Loosieinoath 












a.m. 


a.m. 


8 1 


9 






and 
















Coal.fish, .. 




4 


4 






BorgfaMd. 
















Haddock (1), 

:: ^li :: 


4' 
9 


























76 


.. 


























88 66 


i64 






















Qrey Gurnard. . . 
Turbot, . . 




64 


64 






















1 




1 






















Brill 


2 


.. 


2 






















Plaice (1) 

,. (2),.. 


47 




.. 






















48 




























90 


'1 


91 






















Lemon Dab, 


3 




2 






















Com. Dab, 




iii 


121 






















Angler, . . 




2 


2 






104 


259 


458 




14. Dornoch 


fi 




68-9 


64-0 


10 to 


9.85 


10.40 


Codling 


3 




3 






Pirth. 










12 


a.m. 


am. 


Haddock (1), 

;: k :: 

Grey Gurnard, . . 
Phifce 


08 

88 
506 
682 


60 
22 


742 
22 






















" 12 




12 






















Com. Dab, 


•• 


30 


80 






697 112 


809 




16- M 










6 to 10 


noon. 


4 p.m. 


Cod, .. .. 
Codling, .. 


3 




8 






















6 




6 






















Haddock,.. 


6 




6 






















Grey Gurnard, . . 
Plaicem 

„ hi.. .. 


16* 
25 
40 


'20 
*45 


20 
86 






















Com. Dab, 




12 


12 






















Thomback, 


1 


•• 


1 






56 


77 


188 




10. Off 


Oct. 8. 




se-o 


68-9 


«6to 


a20 


12 30 


Codling, . 
Haddock (1), .. 


2 


21 


28 


A quantity of squid. 




Lybttor. 










84 


a.m. 


p.m 


3 




.. 






















.. (2), .. 
n (3). .. 


32 
805 
840 


471 


sii 






















WhiUng 


4 




4 






















Grey Gurnard, . . 




'60 


60 






















Plaice 


8 




9 






















Lemon Dab, 


44 


14 


58 






















Com.Dab^.. 




14 


14 






















Long Rough Dab, 






S 






















Thomback, 


2 




4 






















Dog-fish, . . 






2 




















Angler, . . 




3 


3 








400 


691 


991 
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TRAWLING INVESTIGATIONS— TABLE 


I. 










Temperature. 




Time Trawl 
Down. 


Fish Caught 






Place. 


Date. 




Depth 
in 












Remarks. 




6 


1 




t 






No. 










3 


Fms. 


. 




No. 


thrown 


Total 
No. 








i 


"S 






o 


1 


Name 


taken to 


Over- 








S 


1 




s 


a 




Market 


board. 




17. Smith 


1904 
Oct. 3. 






53-8 


19 to 


2.0 


aio 


Codling 


1 




1 


Small-meahed net 


Bank« about 










20 


p.m. 


p.m. 


Whiting, .. 


1 




1 


experiment Tow- 


middle. 
















Haddock(l), 

:: i :: 

Plaice (1), . . 

„ (2) 


8 
4 

67 
79 


•• 


79 


ed S.&W. and 
back. Fifteen baa- 
kets of gurnards ; 
one counted con- 
tained 178, large 


















11 




.. 


and smaU. 




















18 




13 




















Orey Oumard, . . 


.. 




(2670) 




















Com. Dab, 




76 


76 




laAberdeen 


Oct 4. 








6 to 13 


12.20 


4.30 


Haddock a), .. 


4 








Bay, N. of 












a.m. 


a.m. 


;: U\ :: 


2 








Newburgh. 
















83 
89 


103 


142 




















Whiting, .. 


48 


21 


09 




















Orey Oumard, . . 




13 


13 




















Plaice (3) 


" 99 




99 




















liemon Dab, 


1 




1 




















Com, Dab, 


55 




56 




10. Aberdeen 






68-0 


63-2 


6 to 13 


6.15 


9.20 


Long Rough Dab. 
Haddock,.. 




"*8 
3 


8 
2 




242 


142 


384 


2 




2 


Bay. 












a.m. 


a.m. 


Turbot, . . 
Plaice a) 


5 
86 
96 




6 




















181 


.. 
























265 




265 




















Lemon Dab, 


2 




1 




20. Aberdeen 


Nov. 8. 


m 


40-0 


50-0 


11 to 


11.46 


3.0 


OouL Dab, 

Ood 


•• 


298 


298 


N.W goodbreease; 


274 


298 


672 


9 




9 


Bay. 










13 


a.m. 


p.m 


Codling, .. 


56 


**7 


63 


sea choppy. 


Shot off 
















Haddock m. 


43 




.. 




Black Dog 
















25 




.. 




and trawled 


















102 








as far as 


















170 


*i6 


iss 




Newburgh. 
















Whiting, .. 
Orey Oumard, . . 
Halibut 


51 


103 

1 


154 

1 




















1 




1 




















Turbot, . . 


3 




8 




















'Tft:. :: 


81 

42 
73 




78 




















Com. Dab, . . 


59 


i64 


168 




















Long Rough Dab, 




27 


27 




















Skate, .. 




6 


5 




2L Aberdeen 










7 to 12 


3.30 


6.35 


Angler, . . 
Ood 




5 


5 


N.W. strong 


422 


267 


689 


12 




12 


Bay. Off 












p.m. 


pm. 


OodUng, .. 


18 




18 


breeie. 


Newburgh. 
















"^'t^ ;; 


61 
20 


•• 






















71 


*io 


81 




















Whiting, .. 




26 


26 




















Ling, 


1 




1 




















Orey Oumard, . . 

":f"l§::: :: 


8* 

7 

16 


8 


8 
'i5 




















Com. Dab 




83 


88 




















Long Rough Dab, 




12 


12 




















Skate, 




46 


46 




















Angler, .. 




2 


2 




112 


137 


249 
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TRAWLING INVESTIGATIONS— TABLE I. 



Place. 



Date. 



Temperature. 



Depth 
Fnu. 



Time Trawl 
Down. 



PUh Caught 



Name. 



Na 
taken to 
Market 



No. 
thrown 
Over- 
board. 



Total 
Na 



Remarks. 



,22. Aberdeen 
I Bay. 



1904, 
Nov. & 



12 to 
18 



7.10 
p.m. 



lais 
p.m. 



28.Aberdeen 
Off 
on. 



Bi^. Ofl 
CoUieston 



Nov. 8 
and 9. 



10.45 
p.m. 



2.30 
a.m. 



24. Aberdeen 

Bay. 

Between 

Newbort^ 

and 
Black Dog. 



2S. Aberdeen 
Bar. Off 
CoUieeKm. 



Nov. 9. 



470 



2& Aberdeen 

Between 
Black Dof 

and 
OoIUeeton. 



49-0 



60-0 



5 to 10 



8.0 
a.m. 



6.20 
a.m. 



4(to 
IS 



7} to 
12 



6.4ft 
a.m. 



11.46 
a.m. 



ILIO 
a.m. 



860 
p.m. 



Cod, 
Codling. 
Coal-fish, 
Haddock 



li. 



Whiting, .. 
Plaice^), . . 

Com. Dab, 
Long Rough Dab, 
Skate, 
Angler, . . 



Cod, 
Codling, .. 

Haddock 

Whiting, .. 
Plaice «),.. 
M (3),.. .. 

Com. Dab, 
Long Rough Dab, 
Skate, 
Angler, . . 



Cod, 

Codling, . . 

Haddock (1), 

(2), 

.. (3). 

Plaice (2), . . 
M (8)... 

Com. Dab,.. 



Cod, 

Codling. .. 
Haddock (IX 

» (2). 

» (8), 

WhitiBg, .. 

Plaice (2X . . 

» (8),.. 



CouLDab,.. 
Long Rough Dab, 
Skate, 
Angler, . . 



Cod, 

Codling, .. 

Haddock (1), 

.. (2). 

Whiting, .. 
Coal-fish, .. 
Halibut, .. 
Plaice (2),.. 
M (8),.. 



Com. Dab,.. 
Long Rough Dab, 
Skate, 



10 
16 
— «6 



71 



4 

18 
17 
18 

15 

12 
— 27 



84 



8 

18 



13 



116 



10 
67 
190 
60 
27 
—267 

64* 
89 
— 108 



487 



104 
84 
— 188 

"l 
1 
78 
29 
— 102 



284 



8 
36 



81 
10 
79 
2 



151 



14 
53 



22 
9 

46 
2 



146 



11 
47 



20 
13 
64 

1 



166 



18 
38 



20 
6 
68 



181 



31 

10 
79 
2 



222 



4 

18 
81 
71 



27 
22 

9 
46 

2 



278 
47 



108 
20 
18 
64 
1 



14 
80 



161 
88 

1 
1 



102 
20 
5 
58 



Wind S. ; moderate 
breeze. 



Winds., Increasing 
in force. 



Offal not recorded. 



Moderate breeze; 
sea choppy ; rain. 
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Part III. — Tivemty-tkird Annual Report 
TRAWLING INVESTIGATIONS— TABLE L 







Temperature. 




Time Trawl 
Down. 


Fish Caught 






Place. 


Date. 




Depth 










Remarks. 




5 


jj 


in 




t 






No. 










1 Pme. 


1 




Na 


thrown 


Total 
No. 








c 

^ 


1 


-8 
n 




1 


Name. 


taken to 
Market 


Over- 
board. 






1904. 
























Burghead 


Nov. 21. 




48 


50 


10 to 


12.45 


4.0 


Cod 


1 




1 


Wind and rain. 


Bay. 










15 


p.m. 


p.m. 


Haddock, . . 
Whiting, .. 

Brill 

Plaice (IX.. 

:: !§::: :: 

Com. Dab, 


7 
6 
179 
220 

405 

8 


28 
11 


28 
11 
7 

405 
8 




% 
















Skate, 




"2 


2 




421 


41 


462 




i» 








7 to 25 


6.0 


S.60 


CJodllng, .. 
Haddock,.. 




8 


8 
















p.m. 


p.m. 




20 


20 




















Whiting 




25 


25 




















Grev Gurnard, . . 




81 


31 




















Turbot, .. 


4 




4 




















BriU, 


12 




12 




















Plaice (1) 


7 




.. 




















„ <2), .. 


335 
























;; U:.. .. 


730 
1072 




1072 




















Lemon Dab, 


7 




7 




















Com. Dab, 


84 


i50 


184 




















Skate, 


16 




16 




















Angler, 




"e 


6 




1145 


240 


1886 




Nov. 21 








5to7 


9.15 


1.20 


Codling 




8 


2 






and 22. 










p.m. 


a.m. 


Haddock, . . 
Whiting, .. 
Grey Gurnard, . . 
Turbot, . . 


•• 


48 
88 

40 


48 
88 
40 




















2 




2 




















BriU. 


5 




5 




















"r^g;:: :: 


861 
























652 


























1018 


*i9 


1039 




















Lemon Dab, 


8 




8 




















Com. Dab, 


20 


i20 


140 




















Skate, 


5 




6 




















Angler, 




**2 


2 




1048 


250 


1807 


Burghead, 
E.S.E. 


Nov. 22. 








10 


1.45 


5.0 


Cod, 


8 




8 














a.m. 


a.m. 


CodUng 




*i9 


19 




















Grey Gurnard, .. 
Halibut 




45 


45 




















1 




1 




















Brill, 


18 




18 




















Plaice (IX. . 


8 
























M (2),.. .. 


899 




, , 




















>. (8), . . 


704 
1111 


26 


liie 




















Jjemon Dab, 


1 




1 




















Witch 


5 




5 




















Com. Dab, 


61 


260 


261 




















Skate 




8 


8 




















Angler 




6 


6 




1195 


298 


1493 
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TRAWLING INVESTIGATIONS-TABLE I. 












Tetaperatnre. 




Time Trawl 
Down. 


Fish Caught. 








PUoe. 


Date. 




D«pth 








Remarks. 






i 


1 


in 




1 






No. 












Fms. 






No. 


thrown 


Total 










»: 


X 




o 




Name. 


taken to 


Over- 


No. 










< 


& 


& 




s 


& 




Market 


board. 








1904. 


























Witch 


Nov. 28. 








27 to 


11.30 


12.40 


CJod 


2 




2 


N.N.E. strong 




O rounds. 










m 


a.m. 


p.m. 


Codling, .. 
Haddock,.. 




"9 


9 


breeze ; snow 




CMT 


















21 


21 


showers ; sea 


Cromarty. 
















Whiting, . .. 


.. 


108 


103 


rough. 




















Grev Oomard, . . 


2 


7 


7 
2 






















Plaice (2),:*. 


7 




7 






















Witch, .. .. 


52 




62 






















Lemon Dab, 


2 




2 






















Cool Dab,.. 




40 


40 






















Long Rough Dab, 




63 


63 






















Skate, 


2 


•• 


2 






67 


248 


810 




Bursbead 


Nov. 24. 




480 


50-0 


7 to 19 


8.10 


12.40 


Cod, 

Codling. .. 
Coal-lUh, .. 


2 




2 




*'• 1 




. 








a.m. 


p.m. 


2 

1 


4 


6 

1 






















Haddock (2), 


5 


iso 


156 






















Whiting 




23 


28 






















Grey Gurnard, . . 
Turbot, .. 




8 


8 






















1 




1 






















Brill 


11 




11 






















"T?^:. :: 


14 
458 




.. 






















» (8) 


445 
917 




9i7 






















Com. Dab, 




'i4 


14 






















Angler 




1 


1 






989 


• 200 


1139 














6 to 20 


1.6 


5.16 


Codling, .. 


8 


6 


9 


Wind N.N.E. ; 
















p.m. 


p.m. 


Haddock (2X 
Whiting, .. 
BriU, 
Plaice (1), .. 

::{i: :: 

Com. Dab, 
Angler 


7 

6 
8 
445 

609 

962 

20 


10 
18 

20 
2 


17 
18 
6 

962 
40 

2 


strong breeze ; 
sea rough. 




996 


61 


1049 










48-2 


60-4 


5tol9 


«.o 


iai5 


Cod, 

CodUng 


4 




4 


Cod end slightly 
















p.m. 


p.m. 


,, 


"s 


3 


spUt Thishaul 




















Haddock,.. 




40 


40 


was mostly 




















Grey Gurnard, . . 
HaUbut, .. 




5 


5 


worked in 5 to 6 




















1 




1 


fathoms. 




















Turbot, .. 


2 




2 






















BriU 


28 




28 






















PlaioeaX.. 


14 


























» (3)... .. 


508 
546 
1063 




1068 






















Lemon Dab, 


1 




1 






















Black Sole, 


1 




1 










. 












Witch 


12 




12 






















Com. Dab,. 


85 


'29 


114 






















Skate, 


2 


4 


6 






















Angler. .. 




8 


8 






1199 


84 


1288 
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TRAWLING INVESTIGATIONS— TABLE 


I. 










Temperature. 


^^Do^^'l Fish Caught. 






Place. 


Date. 


Denth 








Remuks. 




i 


d i in ^ 




1 No. 










2 Fms. 1 . 


J 1 


No. 


thrown 


Total 
No. 








u 


t: 


*» 


o 


3 Name. 


taken to 


Over- 








< 


<g 


a 


i ^ 


» 


Market 


board. 






1904. 










8.0 












Burghead 


Nov. 26. 








6 to 12, 3.46 


a.m. 


Cod 


8 .. 


8 


W.S.W. gentle 


Bay. 












a.m. 




Codling, .. 
Haddook .. 

Whiting 

Grey Gurnard, . . 
Turbot, .. 

Brill 

Plaice(lX.. 


7 

7 

18 
10 
696 


2 

19 
14 

7 


9 
19 
14 

7 

7 
18 


breeze; sea rough. 


















528 


























— -1133 




liss 




















Lemon Dab, 


6 




6 


















Witch, 


1 


1 


















Com. Dab 


83 31 


114 




Dornoch 
















Angler 


4 


4 




1262 77 


1339 








Firth. 


^j 








6to 


1130 


12.80 


0#d, 
Codling, .. 


1 




1 


Wind W.S.W. ; 












10 


a.m. 


p.m. 


1 


"8 


9 


moderate breeze : 


















Haddook (1). .. 


Si 
























» (2). .. 


26 

67 


"*4 


61 




















Whiting 




31 


81 




















Plaice (2),.. 


67* 




.. 




















» (3), .. 


67 
























M (4),.. .. 


89 
213 


16 


229 




















Com. Dab 


12 


60 


62 
















- 




Thomback, 




3 


3 




284 


112 


396 


•• 


»i 








8 


6.0 
p.m. 


9.0 
p.m. 


Codling, ! . '.'. 
Coal-fish. .. 
Haddock (1), 

M (2). .. 


6 
6 
1 

191 

141 
882 


"2 


6 
8 

1 


Weather fine. 


















16 


348 




















Halibut. .. 


1 




1 




















Turbot 


2 




2 




















Plaice (I) 


4 
























M (2) 

„ (3) 


360 
























240 
























» (4)... .. 


631 


























1244 


**8 


1262 




















Lemon Dab. 


3 




8 




















Com. Dab, 


■• 


80 


80 




1694 


06 


1660 


Baigfaead 


Nov. 26. 








6 to 10 


6.0 


9.30 


CodUng 




7 


7 




Bay. 












a.m. 


a.m. 


Haddock... 
Whiting, .. 
Grey Gurnard, . . 
Turbot 


•• 


16 
22 

1 


16 
22 

1 




















2 




2 




















Brill, 


17 




17 




















PUioea) 


12 


























417 
























• (3) 


385 
























„ (4);;; :; 


43 

867 




867 




















Witch, 


2 




2 




















Lemon Dab, 


2 




2 




















Com. Dab, 


37 


60 


87 





















Skate, 


6 




6 


• 


922 


96 


1017 
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TRAWUNG INVESTIGATIONS— TABLE I. 



B»7. 



Date. 



iix>«. 

Not. 96. 



Abeid^en 
Bmy. 



Duigfaead 



Not. 20 
•ad 27 



Tempanture. 



Not. 2a 



Dec.& 



48-5 



46-0 



iDeptb 

in 
I Fma. 



^me Trawl i 
Down. I 



Ftoh Cauirht. 



16 to 



6 to 16 



46-8 



19 to 
21 



4^ to 

le 



3.20 



&15 
p.m. 



10.0 
a.m. 



2.0 
p.m. 



Name. 



7.40 



12.80 
a.m. 



11.15 
a.m. 



8.0 
p.m. 



Ood, 

Ckxlling, . . 
Haddock, .. 
Whiting, .. 
OreT Oarnard, 
H^but, .. 
Turbot, . . 
BriU, 
PUiceflX.. 



Lemon Dab, 
Com. Dab, . . 
Long Bough Dab, 
Angler, 



1 
1 
4 
12 
418 
371 
70 
— 871 
1 
80 



Cod. 

Codling, . . 
Haddock,.. 

Whiting 

Orej Oumard, . . 
Plaice (MediumX 
» (SmaUX .. 



Com. Dab, 
Long Bough Dab, 
Angler 



Codling, .. 
Haddock, .. 
Whiting, .. 
Plaice (2), 
Lemon Dab, 



Cod. 

Codling. . . 
Haddock, .. 
Whiting, .. 
Grev Gurnard, 
Turbot, 
Brill, 
Plaice (I), .. 

.. (2), .. 

M (8) .. 



Lemon Dab, 
Com. Dab. 
Long Bough Dab, 
Herring, . . 
OoCttWMorpiiit, .. 
Sandy Bay, 
Angler, . . 



No. 
taken to 
Market 



009 



7bekta. 
2 „ 

Tbskte 



11 

1 



18 



18 
27« 
448 



4 
21 



-788 
2 
70 



849 



No. I 
thrown 
Orer- 
board. 



8 
15 
19 

7 



12 

80 
10 
8 



8 
28 
10 

2 



41 
7 
5 



11 
19 
81 



61 



27 

20 

18 

7 



9 

1 
67 
9 
6 
1 
2 
2 



168 



Total 
Na 



1 
60 
10 

8 



104 1018 



4 

8 

28 

10 

2 



11 
80 
81 
6 
1 



79 



8 
88 
20 
18 
7 
4 
21 



747 
8 

127 
9 
5 
1 
2 
2 



1007 



Bemarks. 



Worked moeU/ln 
6 to 7 fathoms. 



Digitized by 



Google 



54 



Part III. — TwerUy-third Annual Report 
TRAWLING INVESTIGATIONS— TABLE L 







Temperature. 




Time Trawl 
Down. 


Fish Caught 








Place. 


Date. 




De^pth 










Remarks 




1 


1 




. 






Na 








h 


Fms. 


i 


1 


Name. 


No. 
taken to 


thrown 
Over- 


Total 
No. 








< 


<g 


£ 




QQ 


X 




Market 


boaid. 






1904. 
























Burghead 
Bay. 


Dec. 6. 








'\^ 


682 


10.47 


Cod, 

Codling 

Haddock,.. 
Whiting, .. 
Cai-fiah, .. 
Grey Gumaid, . . 
Turbot, .. 


18 
6 
1 

"l 


■*7 
6 
82 

"7 


18 
18 
7 
32 
1 
7 




















"2 




2 




















Brill, 


18 




18 




















Plaice (1),.. .. 


11 
























„ (2), .. 


291 
























.. (8)... .. 


551 
—863 




868 




















Com. Dab,.. 


45 


89 


134 






Dec. 7. 








6to9 


3.85 


7.46 


Angler, . . 

Cod. .. .. 
Codling, .. 




1 


1 




939 


142 


1081 


12 




12 


" 












a.m. 


a.m. 


8 


81 


89 




















Haddock (2X 


6 


26 


82 




















Whiting, .. 






12 




















BriU, 


io 




10 




















Plaice (1),.. 


12 




.. 










1 








„ («),.. 


318 














1 








„ (8),.. 


580 














1 










— 800 


.. 


860 


















Lemon Dab, 


2 


.. 


2 




















Com. Dab, . . 


51 




116 




















Long Rough Dab, 


"1 




12 
10 




















Hemng, .'. 






1 




















Angler, 






14 




950 


170 


1120 












71 to 


8.5 


12.10 


Cod 


1 




1 














20 


a.m. 


p.m. 


Whiting 

Grey Gurnard, . . 
Turbot, . . 

Brill 

Plaice (1) 

Lemon Dab, 
Witch, .. 
Conu Dab, 
Long Rough Dab, 

Angler, .*. 


"2 
19 
5 
121 
497 

—823 

1 

6 

40 


"5 
21 
7 

1 

"i4 

1 

8 
4 


5 
21 
7 
1 
2 
19 

828 
1 
5 
60 
1 
8 
4 




897 


56 


953 






88-3 


44-2 


46-6 


n 


1.48 


2.48 


Codling, .. 




8 


8 


Small-meshed net 














p.m. 


p.m. 


Whiting 

Brill 

Plaioe (1),.. 


2 


2 


2 
2 


experiment 


















2 


;; 






















M (2?.. .. 


56 




,, 




















.. (8),.. .. 


118 
—176 


•• 


i76 




















Com. Dab, 


2 


14 


16 




















Sandy Ray. .. 


.. 


2 


2 




















Hernng, . . 


.. 


6 


5 




















Sprat, 




1 


1 




















Sand-eel, .. 


•• 


1 


1 




180 


28 


208 
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TRAWLING INVESTIGATIONS- TABLE 


I. 










Temperature. 




Time Trawl 
Down. 


Fish Caught 






Plao«. 


Date 




Depth 
in 










Remarks. 




1 


1 




1 






No. 








i 


Fms. 


^ 


Name. 


No. 
taken to 


thrown 
Over- 


Total 
No. 








S 


2 




« 


A 




Market. 


board. 






1004. 
























Dornoch 


Dec. 7. 








4to9 


6.60 


7.60 


Codiing, *.*. 


1 




1 




Flrih. 












p.m. 


p.m. 


1 


2 


3 




















Haddock (2). .. 


18 




18 




















WhiUng, .. 


1 


i2 


IS 




















Pl»icef2) 

»> (3), .. 


76 
74 
—149 


■7 


i66 




















Lemon Dab, 


2 


6 


8 




















Thomback Bay. . . 


6 


7 


18 




















Solenette, . . 




1 


1 




178 


86 


213 


" 


Dec 7. 
anda 








8tol2 


8,20 
p.m. 


12.40 
a.m. 


Codling, .. 
Haddock (li. 

Whiting, .. 
PlaiceT2), .. 

Lemon Dab (1), .. 
Megrim m, .. 
Com. Dab,.. 


2*' 
106 
—107 

17l" 
197 
314 
— 632 

1 
1 


2 

io 

4 
'65 


2 

ii7 

4 

787 

1 
1 




















17 


43 


60 




















Thomback Ray, .. 


8 


9 


12 






















811 


123 


984 




Burgfaead 


Dec.O. 








6|tO 


4.20 


a30 


CodUng 




27 


27 




Bay. 










9 


p.ni 


p.m. 


Haddock 0), .. 
» W, .. 
.. <4), . 

WhiUng 

Turbot, .. 
Brill, 
PlaiceO),.. .. 

» (4);.. .. 

Witch, ., 
Com. Dab, 
Flounder... 
Thomback, 


1 

6 

9 

— 16 

"s 

18 

2 

284 

264 

67 

—607 

2 

60 

1 


**7 

"6 
97 
"1 


*i6 

7 
8 
18 

6i8 

2 

167 

1 
1 




701 


188 


889 




Dec. » 








6to9 


&40 


12.46 


Cod, 


4 




4 






and 10. 










p.m. 


a.ni. 


Codling, .. 
Haddock a), 
Whiting, .V .. 
BrlU, 
PlaiceOX.. .. 

••SS::: :: 

Com. Dab, . . 
Angler 


2 
2 

'*9 

8 

316 

278 

17 

—614 
84 


28 
9 
IS 

i32 
2 


26 
11 
18 
9 

6i4 

216 

2 




716 


179 


894 
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TRAWLING INVESTIGATIONS— TABLE I. 












Temperature. 




Time Trawl 
Down. 


Fish Caught. 






Place. 


Date. 




Depth 
in 








Remarks. 




9 


•g 




. 






No. 








c 


1 


Fms. 


^ 


1 


Name. 


No. 
taken tc 


thrown 
Over- 


Total 
No. 








'^ 


^ 


(S 




1 


33 




Market. 


boaixL 






1904. 
























Barghead 


Decl'*. 


421 


44*4 


45*5 


4|to£ 


7.80 


11.30 


Cod .. .. 
Codling, .. 


8 




8 




Bay. 












a.m. 


a.m. 


8 


"4 


7 




















Haddock, .. 




8 


8 




















Whiting 




11 


11 




















Brill 


'*8 


,, 


8 




















Plaioe(l), .. 
,. (2),.. 


1 
























260 
























:^v. :: 


260 
























88 


.. 
























— 649 


4 


653 




















Lemon Dab. 


1 




1 




















Com. Dab, 


24 


'i6 


89 




















Flounder, .. 


1 




1 




689 


42 


631 












6to9 


12.10 


4.80 


Cod, 


7 




7 


Wind W.8.W.; 














p.m. 


p.m. 


Codling, .. 
Haddock,.. 
Brill. 


2 

'i2 
202 


"3 
9 


6 
9 
12 


light breeie; sea 
smooth. Net 
split 


















103 


, , 






















.. (4)... .. 


29 
—884 


"6 


889 




















Com. Dab, 


6 


17 


22 




800 


84 


894 


'• 


'» 




•• 




6)to9 


6.0 
p.m. 


9.6 
p.m. 


Cod 

Codling, .. 
Haddock (2), 
Whiting, .. 
Coal-fish, .. 


10 
7 
6 


'i6 
11 
81 


10 
22 
17 
81 


Net sUghtiy split 


















"l 




1 




















Halibut, .. 


1 






1 




















Turbot» .. 


1 






1 




















BriU, 


16 






16 




















Plaioe(l),.. .. 


4 


























M (2) 


328 


























» (3) 


348 


























» (4) 


104 




























- 779 


18 


792 


















Lemon Dab, 


2 




2 


















Com. Dab, 


72 


'47 


119 




















Long Rough Dab, 




4 


4 






















9 


9 




















Thombaok, 




2 


2 






806 


182 


1027 












6 to 9 


6.40 
p.m. 


10.10 
pjn. 


Oodilng, .*.* 
Haddobii, .. .. 


6 
3 


ii 


6 
18 






















8 


8 




















Whiting, .. 




12 


12 




















BriU, 


4 




4 




















Plaice (2X.. .. 


280 


," 






















:: S::: :: 


268 
























109 


























— <J02 


"9 


6ii 




















Com. Dab, 


60 


84 


84 




















Long Rough Dab, 




1 


1 




















Thombaok, 




8 


8 




















Angler, .. .. 




6 


6 






608 


88 


746 
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TRAWLING INVESTIGATIONS— TABLE I. 







Temperature. 




Time Trawl 
Down. 


Fish Caught 










Date. 




Depth 
in 












Remarks. 


FlMe. 




1 
_l_ 


1 




1 






No. 








%: 

< 


Pms. 


i 

09 


Name. 


Na 

taken to 
Market 


thrown 

Orer- 

board. 


Total 
No. 






lOOi. 
























Borghead 


Dec 11. 








9tolS 


ao 


12 


Ood, 

Codling 


8 




8 


N.E. strong breew; 


Bay. 












a.m. 


noon 


1 


ie 


17 


rain ; sea rough. 


















Haddock,.. 


12 


19 


81 




















Whiting. .. 




8 


8 




















Turbot, . . 


"8 




8 




















BrUl, 


9 




9 




















PUice(l), .. 


4 
























M (2)... .. 


354 
























., (3) 


207 
























„ (4),.. .. 


30 
—696 


"4 


690 




















Witch, .. 


10 




10 




















Com. Dab, 


21 


42 


68 




















Long Rough Dab, 
Angler, . . 




6 


6 






















4 


4 




654 


98 


747 


Dornoch 










8 to 12 


1.40 


6.40 


Cod, .. .. 


2 




2 


Stronpbreeiefrom 


Firth. 












p.m. 


p.m. 


Codling, .. 


4 


"22 


26 


















Haddock (1), 


2 
























(3). .. 


5 

— 7 




"7 




















Whiting. .. 




**9 


9 




















Grey Gurnard, . . 




8 


S 




















""H-f,::. :: 

» (4),.. .. 


160* 
227 
326 
—718 


38 


746 




















Com. Dab, 


16 


89 


66 




















Thomback Ray. . . 




2 


2 






742 


108 


"~860~ 


Smith Dank. 


Dec 12. 








19 to 


11.6 


12.5 


Codling, . . 


1 




1 


Small-meshed net 












22 


a.m. 


p.m. 


Brill. 

Plaioe(2). .. .. 


1 
26 




1 
26 


on cod end. 


28 




28 


Aberdeen 


Dec 13. 








17 to 


10.80 


11.80 


Cod, 


6 




6 


Small-meshed net 


Bay. Off 










19 






CodUng 


64 




64 


over cod end ; 


Qiurries. 


t 














Whiting, .. 
Plaice f2),.. .. 


88*' 


*io 


10 


N.E. strong 
breeze: sea 
rough; ana heavy 


















„ (8). .. .. 


8 




, 




















— 41 




41 


rain. 


















Com. Dab,.. 




"8 


8 




















Long Rough Dab, 




1 


1 




















Grey Skate. 


"2 


4 


6 




















Thomback. 


•• 


17 


17 
148 




108 


40 


" 




41-2 


48-2 


48-0 




12.86 
p.m. 


4.40 
p.m. 


Cod, .. .. 
Codling, .. 
HaUbut, .. 

""^r^t: :: 

Com. Dab 

Long Rough Dab, 
Thomback, 
Angler 


19 
24 
2 
68 
20 

— 78 
12 

"1 


"6 

io 

9 
16 


19 
29 
2 

78 
28 
9 
16 

1 






186 


46 


182 
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TRAWLING INVESTIGATIONS— TABLE L 







Temperature. 




Time Trawl 
Down. 


FUh Caught. 






Plftce. 


Date. 




Depth 
in 










Remarks. 




1 


•M 


1 -ri 






No. 








ti 


Pms. 


^ 


1 


Name. 


No. 
taken to 


thrown m_ 
Over- ^5 


tal 
0. 








< 


1 


& 




§ 


& 




Market. 


board. '^ 






1904. 
























Ffter6«. 


Apr. 24. 








55 to 


4.20 


8.20 


Codling. ;; ;; 


5 




6 


Stormy. 


Pugld, 










78 


a.m. 


a.m. 


520 


'.'. 6 


20 




bearing 
















Haddockm. 
!! (8X '* 


190 








N.W. 
















42 
























168 


























— 400 


!! 4 


60 




















Ling, 
Tuak, 


1 
1 




1 
1 




















Cat-flah 


21 




21 




















Halibut, .. 


16 




16 




















Plaicea). .. .. 


8 

1 

— 9 




'9 




















Lemon Dab, 


80 




80 




















Com. Dab. 


88 


"2 


B6 




















Long Bough Dab, 




1 


1 




















Thomback, 


"a 


.. 


8 




Fugld. 
N.wTbyW. 










53(0 
73 


&50 
a.m. 


12.50 
p.m. 


Angler, . . 

Cod, 
Codling, .. 


1 




1 


Stormy; netspUt 


1045 


3 10 


48 


1 
lb 


skt." 


1 


















Haddock a)> 


656 


.. 






















:: U. :: 


49 
























200 


























—906 


"1 91 


06 




















Ling, 


1 


.. 


1 




















Cat-flah, .. 


11 




11 




















Halibut, .. 


4 




4 




















Plaioe(lX.. .. 


18 




18 




















Lemon Dab, 


28 




28 




















Com. Dab, 


27 


*io 


17 




















Long Rough Dab, 




1 


1 




















Thomback, 


■'8 


1 


4 




















Angler, .. 


4 


2 


6 




Furio, 


»i 








58 to 


1.40 


5.40 


Cod. .. .. 
Codling, . . 


2 




2 


Stormy ; tow-net 


bearing 










57 


p.m. 


p.m. 


60 


.. 


50 


torn to pieoes. 


N.W. by W. 
















Haddock a), .. 
(8), 


496 
























41 
























241 


























—778 


V. r 


78 




















Coal-flsh, .. 


1 




1 




















Cat-fish, .. 


11 




11 




















Halibut, .. 


6 




6 




















Plaice (1) 


7 




7 




















Lemon Dab, 


15 




15 




















Com. Dab, 


1 


28 


24 




w^^. 










57 


6.5 
p.m. 


10.5 
p.m. 


Angler 

Cod. .. .. 
Codling, .. 


8 


1 


4 


Stormy ; net fpUt. 


874 


24 8 


96 


86 
9b 


•kti.' 




















Haddock (1). 


596 
























.. m, .. 


ib 


skt" 






















(8), .. 


108 


.. 






















5iX'. :: 


~ 16 
2 
























Coal-flah 


6 
























Cat-fish, .. 


8 
























HaUbut, . . 


12 
























Plaice (1), . . 
Lemon Dab, 


61 
7 
























Com. Dab, 




"9 






















Angler, .. 




1 
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u 


1! 






Name. 


taken to 


Over- 








< 


& 


1 




i 




Market 


boaid. 






1904. 
























W.lPW. 


Apr. 24 








57 to 


11.5 


3.6 


Cod, .. .. 


7 




7 


Cod-end gave way: 
most of fish loet; 


and 25. 








66 


p.m. 


m 


Codling, .. 


11 




11 


















Haddock m, .. 


106 






nooifal. 


















(2). 


9 


























23 
—188 


■• 


iss 




















Coal-fiah, .. 


1 




1 




















Cat-fish, .. 


1 




1 




















Halibut, .. 


5 




5 




















Pl»icea) 


8 




3 




















Lemon Dab, 


10 




10 




176 




176 


Fkeroe. 


A|Mr.26. 








68 


8.3 


7.0 


Cod, 


200 






Strong wind ; 














a.m. 


a.m. 


Codling 

Haddock (IX .. 


4b 

15bBkt8. 

1 ., 


skts.' 






weather stormy; 
split net. 


















:: \t\ :: 




























~17i., 


























Ling, 

CoJ-flsh 


8 
17 


























Halibut, .. 


8 


























Plaice (1),.. .. 


lib 


skt." 




















7.40 


12 


Cod, .. .. 
Codling 


1 




I 


Wind and snow. 














a.m. 


noon. 


1«6 




166 




















Haddock,.. 


862 




862 




















Ling, 


5 




5 




















Cat-fish, .. 


10 


, , 


10 




















Halibut, .. 


6 




6 




















Plaicea),.. .. 


7 
























» (2) 


1 
— 8 


•• 


"s 




















Lemon Dab, 


14 




14 




















Com. Dab, 




i8 


18 




















Thomback, 


"2 


1 


8 




















Angler, 


6 




6 




580 


14 


594 


^^. 


tf 








68 to 


12.40 


5.40 


Haddock (Vl 


Ibskt. 
















71 


p^m. 


p.m. 


1 M 




























— 2„ 


























Cat-fish, .. 


6 


























HaUbut, .. 


8 


























PlaiceaX.. .. 


8 


























Lemon Dab, 


5 


























Angler, . . 


1 




'- 







16 nines 


Apr. 26. 








60 to 


11.80 


L30 


Cod, 


8 




3 


Heavy swell ; wind 
N.N.W. ; very 


N.W. 










67 


a.m. 


p.m. 


Haddock (1), 


7 




. , 


Vklerd. 
















(2), .. 
ft (8), 

Ling, .. .. 
Com. Dab,.. 
Angler, . . 


2 

4 

— 18 

1 

1 

1 




'i3 

1 
1 
1 


stormy; net split. 


19 




19 
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Na 
taken to 
Market. 


thrown 
Over- 
board. 


Total 
Na 






1904. 
























N.W. 


Apr. 26. 








60 to 


2.15 


6.15 


Haddock (1). .. 
.. (8). .. 


170 




. , 


Strong wind and 


Viderd. 










69 


p.ni. 


p.m. 


17 






hea>T swell 




















— 187 




187 




















Ling. .. .. 
Halibut, .. 


2 




2 




















4 




4 




















Lemon Dab, 


7 




7 




















Angler 


2 




2 




202 




202 


Fuglo, 


Apr. 26 








48 to 


9.16 


12.15 


Codling, . . 


70 




70 


Blowing a gale 


bearing 


and 27. 








49 


p.m. 


a.m. 


264 




264 


fr<Hn west. 


N.W. 
















Haddock (1), 
„ (2), .. 
(8), 


168 
21 
























53 


























— 242 




242 




















Coal-fiah 


8 




8 




















Oat-fish, . . 


15 




16 




















HaUbut, . . 


13 


"l 


14 




















"T'^v. ■:. 


7 




.. 




















1 


























— 8 




"8 




















I^mon Dab, 


11 


"8 


14 




















Com. Dab,.. 




7 


7 




















Thomback, 




2 


2 




631 


18 


644 


•» 


Apr. 27. 


• 






48 to 
69 


12.60 
a.in. 


4.60 
a.m. 


Codling, .. 
Haddock (1), 

(2), .. 

Ooftl-itah, .. 
Oat-flsh, .. 
Halibut, .. 
Plaice(l),.. .. 
Lemon Dab, 
Com. Dab,.. 
Starry Ray, 
Angler, . . 


162 
198 
31 
53 

— 287 

15 

7 

10 
13 
29 

•'* 1 


**1 
6 
2 

1 


162 

287 
16 
7 
10 
13 
30 
6 
3 
1 




614 


9 


628 


Fugld, N.W. 


•f 








48 to 
63 


6.16 
a.m. 


9.16 
a.m. 


Cod 

Codling, .. 
Haddock ax 


3 
481 




8 

484 


Stormy. 


















1034 
























;; f^ ;: 


88 




,. 




















86 


























1163 




1168 




















Coal-fish, .. 


3 




8 




















Cat-fish. .. 


6 




6 




















UaUbut, .. 


6 




6 




















PlaiceOX.. .. 


9 




9 




















Lemon Dab. 


7 




7 




















Com. Dab 


24 




24 




















Angler, .. 


•• 


"2 


2 




1693 


2 


1096 
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Ptooe. 


Date. 
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1 
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Fms. 
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Name. 


No. 
taken t€ 


thrown 
Over- 


Total 
No. 








s 


§ 




m 




Market. 


boaid 






1904. 
























Fdgld. 


Apr. 27. 








6S 


ILO 


8.0 


oS&njr. ;: ;: 


18 




18 


Stormy. 


bearing 












a.m. 


p^m. 


148 


., 


148 




N.W. 


- 














Haddock aK 

;; Is}; :: 

Ck)al-fi8h 

Oat-flah 

Halibut, .. 

"raiJ:: :: 

Lemon Dab, 
CJom. Dab, 
Thomback, 
Starry Eay, 


902 
38 
82 

— 1017 
8 
IS 
7 
9 
2 
— 11 


■*1 
12 


l6i7 
8 
IS 

7 

ii 

8 
14 
2 

i 














63 to 


8.20 


7.20 


Angler 

^'^fi :: 




"3 


7 


Stormy; split net; 


1288 


16 


1264 


128 
















76 


p.m. 


p.m. 


66 






two tow-nets at- 




















— -189 




i89 


tached to warpa 


















Halibuti .. 


1 




1 




















Plaice (1) 


1 


. , 


1 




















Lemon Dab, 


8 




8 




















Oom.Dab, 




"3 


8 




»t 


»i 








78 to 


7.66 


11.66 


Angler, .. 

2^;. •• •• 


"2 


•• 


2 




196 


8 


190 


29 




29 












76 


p.m. 


p.m. 


OodUng, .. 
Haddock rn, .. 


144 


,. 


144 




















482 
66 




•• 




















;; (S)! :: 


149 
—687 




687 




















Tutk 


1 




1 




















Whiting, .*.* 


6 

6 




6 
6 




















Cat-fish, . . 


18 




18 




















Halibut, .. 


8 




8 




















Turbot, . . 


4 




4 




















"If-St: :: 


21 

2 

— 28 




28 




















Lemon Dab, 


80 


"1 


81 




















Megrim, .. .. 


1 




1 




















Com. Dab,.. 




'i2 


12 




















Thomback, 


*6 


17 


28 




















Qrey Skate, 


2 




2 






Apr. 2a 








66 to 


12.26 


4.26 


Angler, .. .. 

Cod, 
Codling, .. 


6 


"2 


7 


Stormy. 


919 


82 


961 


66 




66 












78 


a.m. 


a.m. 


108 




108 




















Haddock m, .. 


967 




., 




















;: \i ■:. 


82 
49 
—1088 




1038 




















Coal-flab, .. 


17 




17 




















Oat-fish, .. 


16 


.. 


16 




















Halibut, .. 


18 


., 


18 




1 
















Plaioem, .. 


7 

2 

— 9 


•• 


"« 




















Lemon Dab, 


28 


"4 


82 




1 
















Com. Dab, 


18 


6 


19 




' 
















Thomback, 


7 


9 


16 




1 
















Angler, .. 


4 


1 


6 




1 




1812 


20 


1882 
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Temperature. 
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Place. 


Date. 




Depth 
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1 


d 




t 






No. 










Q 


Fms. 


i 




Na 


thrown 


Total 
No. 








i 


X 


^ 







Name. 


taken to 


Over- 








(g 


s 




s 


m 




Market. 


board. 






1004. 
























S!?^* 


Apr. 28. 








66 


4.66 


&5d 


Codling, :; 


4 




4 


Wind 8.8.E. 


*S^°* 












a.m. 


a.m. 


HI 






111 




N.W. 
















Haddock (1. .. 

;: <3); :; 


164 


























11 


























194 




























— 869 






369 




















Coal-fish, .. 


2 






2 




















Cat-fish, .. 


18 






13 




















HaUbut, .. 


3 






8 




















Pl*ioe(l) 


11 




^ 


11 


















Lemon Dab, 


16 




% 


16 




















Thomback, 


1 






1 




















Angler, .. 


1 


* 1 


2 




620 


1 


621 


*i 










5Sto 


9.60 


laxo 


S^j. •• • 


1 




1 


Heavy swell ; small- 












63 


a.m. 


a.m. 


Codling, .. 
Haddookd), 

W (3),' '.'. 


48 






48 


meshed net. 


















22 




























— 49 






49 




















Cat-fish, . . 


2 






2 




















HaUbut 


1 






1 




















Plaice(l),.. .. 


2 






2 




















Lemon Dab, 


8 






8 




















Com. Dab... 
Thomback, 


7 






7 




















1 






1 




114 




114 


** 


»> 






•• 


68 to 
66 


11.0 
a.m. 


&0 
p^nL 


Cod, .. .. 
Codling, .. 
Haddock (1), .. 

;: fl\ :: 

Coal-fish, .. 
Cat-fish, .. 

Halibut 

Pl»ioe(l) 

Lemon Dab, 
Skate, 
Angler, . . 


100 
112 
267 
71 
216 
—668 
6 
7 
8 
6 
6 
8 
4 






100 
112 

668 

5 
7 
8 
6 
6 
8 
4 


Heavy swell 


862 




862 


" 


•• 




•• 




64 to 
66 


8. SO 
p.m. 


7.80 
p.m. 


Codling, '.*. '.; 
Haddock m, 

» (8X :* 

Coal-fish, .. 
Cat-fish, . . 
Halibut, . . 

"^c^i':: :: 

Lemon Dab, 
Skate, 


1 
144 
188 
26 
238 

401 

8 

7 

8 

9 

1 

— 10 

16 

2 






1 
144 

401 
8 

7 
8 

"io 

16 
2 


Heavy sea running. 


















Angler, . . 


4 


* 2 


6 




690 


2 


698 
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Temperature. 




Time Trawl 
Down. 


Fi«h Caught. 










Date. 




Depth 
in 












Remarks. 


FUc«. 




9 


1 




1 






No. 










1 


Fms. 


^ 


Name. 


No. 
taken to 


thrown 
Over- 


Total 
No. 








i 


S 


1 




^ 






Market 


board. 






1904. 
























Kogld, 


Apr. 28 








54 to 


&15 


12.15 


Cod .. .. 


61 






61 


Very stormy ; wind 


b^Aring 


and 29. 








62 


p.ra. 


a.m. 


Codling, .. 


144 






144 


&E.;net8pUt. 


N.W. 
















Haddock dX 


190 
73 

86 


























;; ^1 :: 




























— 348 






348 




















Tusk 


1 






1 




















Cat-fish, .. 


9 






9 




















Plaice, 


9 






9 




















Lemon Dab, 


11 






11 




»» 


Apr. 29. 










LS6 


5.35 


Angler, . . 

Cod .. .. 


2 






2 


Blowing a gale. 


585 




585 


55 




55 














a.m. 


a.m. 


Codling, .. 
Haddock H), 


134 
272 






134 










1 








,. (2), .. 


11 


























(4 


20 
— 312 






3i2 




















Coal-fish, .. 


3 






3 




















Cat-fish, .. 


4 






4 




















Halibut. .. 


8 






3 




















Plaice, .. 


4 






4 




















Lemon Dab, 


29 


" 3 


32 




















Com. Dab, 




6 


6 




















Angler 




3 


3 






«• 




** 




54 to 


6.15 


10.15 


Dogfish. .. 
Codling 


•• 


4 


4 


Heavy swell. 


544 


16 


560 


8 




3 












75 


a.m. 


am. 


Haddock (1), 

:: g^ :: 

Cat-fish, . . 
HaUbut. .. 
Plaice, 
Lemon Dab, 


78 
9 
27 

— 114 
10 
8 
2 
5 




] 


ii4 

10 
8 
2 
5 




















Dog-fish. .. 




' 8 


8 




FoglS. 










56 to 


ia40 


2.40 


Angler, .. 
Haddock (1), 


•• 


1 


1 


S.E.wiiKL 


137 


9 


146 


41 






H^. 










75 


a.m. 


p.m. 


:: ill: :: 

Coal-fish. .. 
Cat-fish, .. 
Halibut, .. 
Plaice (1),.. 
„ (2)... .. 

Lemon Dab, 
Starry Ray, 


4 
9 

— 64 

9 

7 
1 

7 

2 

— 9 
8 
1 






M 
9 
7 
1 

**9 
8 

1 




I'-ogie, 


•t 








55 to 


4.15 


&15 


Angler, .. 

Cod, 
Codling, .. 


1 






1 


Stormy. 


85 




86 


8 




8 


bearing 










60 


p.m. 


P-DL 


100 






100 




N.W. 
















Haddook ax 

:: Jil" :: 

Coal-fish, .. 
Cat-fish, .. 
Halibut, .. 
Plaice (IX.. .. 
Lemon Dab, 
Angler, .. 


140 

15 

88 
— 248 






243 
2 
6 
8 
6 
2 
1 




480 




480 
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Temperature. 




Time Trawl 
Down. 


Fish Caught. 






Place. 


Date. 




De^pth 








Remarks. 




1 


1 




1 






No. 








i 


Fm^ 


1 


Name. 


Na 
taken to 
Market 


thrown 
Over- 
board. 


Total 
No. 






1904. 
























Fagid, 


Apr. 29 


,. 




, , 


65 


8.60 


12.60 


Cod 

Codling 


61 






61 




bearing 


and 30. 










p.m. 


a.m. 


264 






264 




N.W. 
















Haddock m, .. 

Ooal-flsh, .. 

Cat-fieh 

Halibut. .. 
Plaice ax - 
Lemon Dab, 


168 

21 

99 
—288 

6 
4 
84 
27 
46 






283 

6 

4 

84 

27 

46 




















Angler, .. .. 


4 


* 4 


8 




728 


4 


782 


»f 


Apr. 80 








64 


1.16 
a.m. 


8.0 
a.m. 


Cod. .. .. 
Codling. .. 
HaddcikOX 
Ooal-flsh, . .. 
Cat-flsh, .. 
PlaloeaX .. .. 


9 
100 
71 
7 
1 
4 






9 

100 

71 

7 

1 
4 


Split net ; storm j. 


192 


.. 


192 












64 to 


8.80 


7.80 


codhng, ;; .*; 


6 




6 














66 


a.nL 


a.m. 


170 






170 




















Haddock m, .. 


296 


























It (2X 


19 


























(SX .. 


110 
—427 






427 




















Coal-fish, .. 


6 






6 




















Oat-fish 


11 






11 




















HaUbut, . . 


16 






16 




















•"-r-l^:: :: 


16 

6 

— 22 






'22 




















Lemon Dab, 


28 






23 




















Com. Dab 


16 


* 6 


21 




















Thomback, 




3 


8 




















Angler 


"2 




2 




697 


8 


706 
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n.— A CONTRIBUTION TO THE LIFE- HISTORY OF THE 
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EXPSBIMBNTS IN LOBSTER-Cui/TURB. 

In tbe summer of 1902 the Fishery Board instructed me to carry out 
some experiments in the culture of lobsters and crabs. It was intended 
that the young lobsters hatched out at the Laboratory should be liberated 
on the north coast of Aberdeenshire, in the neighbourhood of Fraser- 
burgh. In order to obtain a supply of larvse a number of berried hen 
lobsters were procured from Girvan and Dunbar in June and July. 
Eight were sent from Girvan and ten from Dunbar ; one was captured in 
the Bay of Nigg. One of the Dunbar lobsters arrived on August 2nd. 
The lobsters were conveyed by rail, packed, in some cases, in straw, in 
other cases in dripping seaweed. The latter method was much the 
better, the lobsters, after their eight to twelve hours' confinement, being 
unpacked in a fresh and lively condition. Some of those packed in straw 
succumbed. In 1904 the stock of berried lobsters were all packed in wet 
seaweed, and none died in transit. 

No special apparatus, with the exception of two tin boxes, was made 
for the experiment. A temporary arrangement of the hatching apparatus 
(Dannevig's), used for the eggs of the plaice, proved successful on the 
whole. The eggs were already far advanced. 

An attempt was made to hatch the eggs detached from the parent 
lobster in one or two cases where the latter had died during transport to 
Aberdeen. A sheet-iron box, which fitted into one of the compartments 
of the hatching apparatus, and which was arranged with a perforated 
bottom through which the water entered, to escape by the top of the box 
through a grating, was employed ; but a considerable death-rate ensued, 
and the eggs were attacked by a fungus. None of the eggs hatched out. 
It was decided to allow the eggs to remain attached to the parent until 
they hatched. Ail that was necessary then was to keep the adults in a 
suitable tank and to make arrangements whereby the larvae, as they 
hatched out, could be captured and removed to suitable boxes where they 
would be under control. 
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Fallarton adopted the method of keepiug the berried females in con- 
finement, in an open pond, until the eggs hatched ; but in his experi- 
ments carried out in 1895 the lar7se were allowed to escape to the sea as 
they were hatched. In the present case the young lobsters had to be 
retained. The arrangement was as follows The berried hens, fourteen 
in number, were kept in a wooden tank measuring about 8 feet by 4 feet 
6 inches by 2 feet deep. The water supply entered at the bottom of 
the box, and the outflow took place from the surface of the water. The 
overflow water was led into the hatchery and distributed into the hatching 
apparatus. As the little lobsters hatched out they were carried down to 
the hatchery and caught and detained in the hatching boxes. 

In order that a large number comparatively of lobsters be kept in a 
small area, it is necessary that they each be provided with a hole or pen 
for shelter. The wooden tank in which the adults were confined 
was prepared in the following manner. A plank of wood about 7 
inches wide was hinged by means of large fencing staples to the side 
of the wooden tank. When horizontal in position it was about 4 
or 5 inches above the bottom. The space beneath this shelf was 
divided ofl by means of bricks set on edge into as many compartments 
as were required; in this case seven. The shelf rested on the bricks, 
and when the tank was filled it was kept down by a suitable weight, 
some stones or bricks. One shelf was put on each long side. This 
arrangement permitted of ready examination of the lobsters, as when 
the superincumbent stones were removed the shelf floated up, revealing 
the lobsters. They remained there, then, in apparently suitable con- 
ditions. Each lobster stuck to its pen, its body hid by the shelf, and its 
projecting antennae alone betraying its presence. Only one lobster died 
from injuries received through fighting with the other inhabitants of the 
tank. The large chelae were not tied. 

The young hatched out in batches. The eggs of one female do not all 
hatch simultaneously, but over a period. In two cases recorded by 
Herrick, a week elapsed from the time the first larva appeared until all were 
hatched out. Fullarton found the time necessary for hatching a single brood 
varied from a week to three weeks, or even longer. The aeration of the 
eggs attached to the abdominal feet of the female is assured in the 
following manner. The lobster is seen every now and then with its 
abdomen stretched out to its full extent and resting on the intumed edge 
of the telson. The swimmerets are meanwhile gently waved backwards 
and forwards, in this way aerating the eggs and tending to cleanse them. 
When the eggs are ready to hatch this facilitates the escape of the larvae. 
This action was noticed by Coste. The hatching of the lobster eggs at 
Brodick, Fullarton states, occurred in July, August, and September, with 
a maximum in August. 

The first young lobsters were observed in the Laboratory, Bay of Nigg, 
on July 11th; they had then reached the hatching apparatus. They 
apparently hatch during the night, as each morning there was a fresh 
addition to the stock. The little lobsters were in the first zoea stage 
(i^g. 66). They were kept in boxes having sieve bottoms, which were 
placed in the top compartments of a hatching apparatus. They measured 
about 1 foot by 1 foot by 1 foot, and were painted black. They received 
light from above only. The number of larvae kept in one box varied, 
but not more than twenty were knowingly confined together. They were 
kept in the top compartments in order that they might obtain a share of 
the food that was being brought in by the water supply, e,g. copepoda, 
diatoms, and larvae of invertebrates. The water was not filtered. It flowed 
into the box by a spout and out by the sieve bottom^ the arrangement 
which is followed in hatching the eggs of plaice and cod. 
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The lobsters, immediately after being hatched, swam actively about, 
cbasiDg copepoda and any small white particles moving in the water. 
The two species of copepods most common in the water were determined 
by Dr. Scott. A red copepod was Temera loTigieornis ; a white one was 
Eurytemera affinis. They were both small. 

During the zob'a stages, when the lobster is wholly pelagic, that is to 
say before the pereiopods function as walking legs, a peri(S of, roughly, 
three weeks, it swims with its body bent in a quadrant shape, having the 
head and thorax lying horizontal, or inclined slightly downwards, and the 
abdomen and tail directed downwards. If it spies a copepod beneath it 
swims directly down for it in a circling, sort of corkscrew path, and 
follows up its prospective victim, when it escapes with a smart dart off 
for a distance of an inch or two. The pursuit may last for a little time, 
aud now and then the lobster catches and devours the copepod« When 
the copepods are swimming above them they also detect them and swim 
directly for them. They also notice them when in front of them and on 
the same level. The copepods are to be seen on the side of the box, and 
the young lobsters go poking about the side after them. 

The larval lobster, when undisturbed, swims forward at a uniform 
speed by means of the exopodites of the pereiopods, turning sharply to this 
side or to that to seize any object that attracts its attention, and which it 
will pursue till it loses sight of it or has its attention distracted by another 
form. When surprised it jerks backward by means of its abdomen and 
telson. 

The young lobsters were usually close to the surface of the water. No 
food was provided regularly for them, except what was brought in with 
the water supply. On a few occasions a little of the liver of the crab 
{Cancer pagurus) was supplied them. They pursued the little white 
portions as they fell through the water, usually catching them before they 
reached the bottom. They ate up the live zoese of Cancer pagurus when 
these wore poured into the box. 

While the lobster in the zo^a stages no doubt eats dead organisms, as 
Cunningham relates, it is much more active in the pursuit of living 
animals. It follows, from the fact of its pelagic existence, that it must 
feed on living forms. 

The lobsters were kept for varying periods. When set free they were 
mostly in the second and third stages ; some were in the first stage. A 
few were reared to the megalops stage on the food in the water supply. 
The total number set free was about 3000. They were distributed as 
follows : — 

August 6, 1902. — 1000 larvte set free a little over 1 mile north of 
Fraserburglu 

August 7, 1902. — 1000 larvaa set free about ^ mile off Caimbulg 
August 19, 1902—1000 larvae set free about i mile off St. Comls. 

The fry were conveyed in large glass (sulphuric acid) carboys by ran 
to Fraserburgh. All the lobster fry (1000) were on each occasion stowed 
in one carboy. The number of fry in the first consignment was counted, 
and from that datum the numbers in the subsequent lots were deduced. 

No special cooling preparations were found to be necessary for the 
journey. Experiments were made to test the effect of a possible rise in 
the temperature of the water during the transportation. The temperature 
of the sea- water in the hatchery was 12*5* C. A few lobster fry were 
put into a jar containing half-a-gallon (=1 litre) of water. The jar 
was heated slowly until the water reached a temperature of 20"" G ; it 
was then allowed to cool. Next day the lobsters were, with two 
exceptions, all lively ; two had succumbed. 
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For the journey to Fraserburgh the larTse were packed at 3.15 p.m., 
and were set free at 7.15 p.m., at which time they were all quite lively. 

The vitality of the young lobster under certain conditions is remark- 
able. Herrick kept them eSive in small flat dishes, without change of the 
water, from one to four days at a time, or until they moulted to the 
second stage. A case in point occurred at the Laboratory. After one of 
the journeys to Fraserburgh a few larvae had been left in the dregs of 
water in one of the carboys. They were discovered 10 days later, and 
were then alive and active. Two small crabs {Carcinus mcenas) were 
kept for a week in a little glass cell without change of water, and 
apparently suffered no ill-efifects. 

There was a considerable mortality among the larval lobsters when in 
the hatchery. As has been so often noted, a proportion of the deaths 
occurred during moulting. The dead lobsters were sometimes partly 
eaten. No case was seen of one zoea attacking and killing another, such 
as Herrick witnessed. A case of cannibalism was noticed in the 
megalops stage. One megalops was seen eating the tail of another which 
was still alive. The telson and part of the abdomen had been eaten off 
when discovered. A cause of considerable mortality is probably starva- 
tion. It is difficult to supply suitable and sufficient food. 

All the lobster eggs were hatched out by September 10, 1902. 

The Kbaring of Lobsters. 

There are two well-marked stages in the life of the lobster fry : these 
are (1) the first swimming stage, when just hatched (fig. 66, pi. iv.), 
and (2) the stage when it for the first time takes on the form, and, to a 
certain extent, also the habits, of the adult (fig. 72, pi. iv.). The former 
is the first zoea stage, the latter is the megalops stage. Previous to the 
first zoea stage there is the protozoea, a stage of short duration. The 
lobster has been described as issuing from the egg as a protozoea. This 
condition was not observed by the writer. It moults very soon after, 
and becomes a zoea of the first stage. R Q. Couch was the first to 
figure and describe the protozoea. He wrote as follows: — "Several of 
the ripest bunches of ova were taken otf, and by gentle agitation many 
of the young escaped and swam about very freely, like those of the 
common crab, and some were artificially extracted to leave no doubt to 
rest on their parentage. Their bodies are large, stout, and of a deep blue 
colour, while the other parts are semi-transparent and dotted with red. 
The eyes are large, sessile, situated on a festoon at the lower and anterior 
margin of the dorsal shield, and marked at the circumference with radia- 
ting lines. The interior margin of the shield is waved, and irregularly 
prominent; the posterior and lateral surfaces are more remarkably so, 
and are rough, with minute papillary eminences ; and the lower margin is 
marked with seven minute plaited folds, beneath the five central ones 
are situated five claws on either side. They are jointed as in the adult, 
and the anterior pair are shorter and stouter than the others, and ter- 
minate in a pair of nippers. The tail is longer than the diameter of the 
body, is extended and composed of five annulations. The termination is 
forked, but the fork is composed of two fiat fan-like expansions separated 
by a fissure which extends nearly as high up as their articulation." 

Saville Kent and Fullarton also give drawings and descriptions of this 
stage. 

The megalops stage is one in which the lobster in its habits resembles 
more a prawn {Palcemon\ as Saville Kent pointed out. The interval 
which exists between the first zoea and the megalops has been filled in 
by a varying number of stages. Herrick, for the American lobster, 
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makes the period one of three zoea stages, and between hatching and the 
arrival of the young at the megalops condition there elapses from eight 
to eighteen days. Saville Kent said that the European lobster reached 
the megalops stage at about the sixth ca^t, i.e. five stages precede it, viz. 
the protozoea and four zoea stages. A month or six weeks are occupied 
in arriving at the stage beyond the megalops, which I have denominated 
the first young stage. My own observations lead to the conclusion that 
the period just mentioned will very rarely be exceeded ; it is probably often 
as short as one month. Certain larvss which were in the zoea condition 
in October and November remained for five weeks in one stage, however. 

Sars illustrates three zoea stages. Chadwick has published a descrip- 
tion of the protozoea, three zoea stages, megalops, and first young stages. 
The time occupied by each stage, with the exception of the protozoea, is 
given as a week. 

Rathke says the maxillipedes and pereiopods have a general resem- 
blance to the legs of schizopods, viz., Mysis, but the resemblance is 
lost in the fifth pereiopod. In the denomination of the larval lobsters 
it has been customary, therefore, to refer to the early pelagic stage as 
the " mysis " stage. This is due to the fact that its pereiopods resemble 
those of Mysis, in having sets-bearing exopodites. But this is an onto- 
genetic, not a phylogenetic, character, as the name is apt to imply. The 
main swimming organ of a zoea is the exopodite, and the number of 
setose exopodites is directly proportional to the size of the larva. The 
little elongated zoea of the shrimp {Qrangon vulgaris) has three pairs of 
exopodites in its first stage, but its increase in bulk in the third zo^a 
stage demands additional swimming power, and a fourth pair of exopodites 
appear, viz. attached to the rudimentary first pereiopod.* In this case 
the exopodite is developed, and becomes functional in the third zoea stage, 
whereas the chela becomes functional for the first time on the megalops 
stage, ue. the sixth larval stage. The exopodite of the chela at the same 
time vanishes, while the other exopodites, those of the maxillipedes, are 
reduced and function no longer for swimming. In the case of the 
lobster larva we have to deal with a large form, which requires a 
powerful swimming organ. That is secured by the development of 
the exopodites on the pereiopods, but with this difi^erence from the 
shrimp, that the pereiopods themselves are also functionally developed 
— in the form of maxillipedes. The zoea of the lobster is provided, 
then, with eight maxillipedes, each of which has a setose exopodite. 
On the arrival of this form at the megalops stage the latter disappear or 
are so reduced that they are no longer swimming organs. The quadrant 
shape in which the body of the zo^ is bent, by concentrating the 
weight of the animal, has a direct relation to its propelling organs. The 
tiny zoea of Carcinus mcenas has only two pairs of exopodites. It is bent 
in an arc ; thereby the weight is concentrated. 

There, appears, then to be no valid reason for departing from the term 
" zo^a" for this period of the life of the lobster. And the term " mega- 
lops " is an appropriate name for the stage which is analogous as well as 
homologous to the megalops of the Brachyura. It is a transition stage 
between the zoea and the adult. 

In this country the rearing of lobsters has been carried out by Saville 
Kent, Cunningham, Weldon, Fowler, and Chadwick. On the Continent 
Captain Dannevig has done the most extensive work in this subject ; 
lately Appell6f has carried on rearing experiments. 

Many difficulties meet the experimenter in lobster-culture. Questions 
of the food, of the cannibalism of the larvse, and of the mortality which 

» Vide Williamson. 
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occurs during moultiDg all arise. Saville Kent kept the little lobsters in 
jars and fed them with a little minced fish ; the water was changed 
every day. Eeceptacles on the intermittent syphon system were, he 
considered, especially well suited for lobster-rearing. Weldon and 
Fowler used for the food of the larvae the yolk of a hard-boiled q^^ 
crushed crab {(Jardnus memos, Portunus depurator), boiled liver, the 
contents of the tow net (at that period chiefly NoctUuca and 
copepoda), and live shrimp larv»; they were all partially, none abso- 
lutely, successful. Cunningham usually fed the larvae with particles 
obtained by crushing and pounding common shore-crabs, but he made 
special and careful trials of live food. Living minute animals 
caught in the sea in the tow-net were introduced, but none of the 
larvae were seen to try to catch them. The fish larvae and the larvae 
of a shrimp were not attacked. But the fish larvae and little shrimps, if 
killed before being put into the jar, were immediately seized. He 
concluded that the young lobsters are naturally carrion feeders, devourers 
of dead food, although inclined to cannibalism. 

Mead found that the fry fed upon all sorts of minute organisms (cope- 
pods, diatoms, etc.), and readily ate some kinds of fiesh if it was chopped 
into fine pieceajand kept suspended in the water, where they came in con- 
tact with it The best food was the soft parts of clams {Mya areruxna,) 
Ghadwick fed the lobster fry " daily upon the finely-minced liver of the 
shore-crab {Garcinvs nuBnaa), and the edible crab {Cancer jpagurus), and 
for a time they appeared to thrive on it, but at the time of the ecdyses 
or shell-castings many died, and comparatively few reached the ' lobster- 
ling ' [megalops] stage." 

Appellof reared the young lobster over the larval stages till the age, in 
one case, of seven months. A great mortality occurred owing to the 
inability of the larvae to get rid of the integument when moulting. 
According to this zoologist, as soon as the third casting has passed, and 
it has reached the fourth stage [megalops], it swims, but soon goes to 
the bottom, and behaves like an adult. In the fifth stage the swimming 
power goes ; they are then very sedentary. 

Herrick describes a variety of food which he found in the stomachs of 
lobster larvae, viz. (1) diatoms in abundance, chiefly Navicula and the 
long tangled ribbons of TabeUaria ; (2) remains of Crustacea, probably 
parts of young lobsters ; (3) bacteria in large numbers ; (4) cotton and 
linen fibres, and parts of algae. " The food of the larval lobster must 
necessarily consist, for the most part, of minute pelagic organisms, such 
as copepods and crustacean larvae. When watched in confinement they 
may now and then be seen giving chase to copepods, often without success. 
The young lobster, however, shows little discrimination in its food. It 
seems to snap up almost any moving object, living or dead, which it is able 
to seize and swallow." Herrick has stated that one difficulty arises in 
raising the young of the lobster in close quarters, from the fact that the 
young invariably preferred to feed on one another. The death-rate was, 
however, he considers, due in part to other causes. In this connection, 
an extract from the BuUetin of the U.S. Fish CommiBsion, voL xvii., 
1897, p. 135, is interesting : — '^During the spring and summer particular 
attention was paid to the food, habits, and growth of the young lobster, 
and much valuable information was obtained at Wood's Hole, where 
extensive experiments were conducted on the holding of fry during the 
larval stages. The experiments indicate that, under natural conditions, 
the young lobster is much less a cannibal than has been believed, eating 
his fellows only when natural food is not available." 
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Larvjs — General Dbscription. 

The zoe» are beautifully coloured in two predominant tints. On the 
dorsum, in the gastric region, the double luminous blue spot is con- 
spicuous. Then generally all over they are pigmented blue on the dorsum 
of the thorax and abdomen, and yellow or red on the sides. Certain 
z6^ which to the naked eye have a slight bluish colouration, are seen, 
on examination with transmitted light, to have a great quantity of yellow 
pigment all over the body, the carapace, abdomen, and limbs, with the 
dorsum of the thorax and of the abdomen blue. Others are to the naked 
eye brilliantly coloured with dark red, which is seen by means of the 
microscope to be distributed similarly to the yellow in the zoeae just 
described. There are different shades of yellow : some lighter, others 
darker. Occasionally the colouration shows to the naked eye a mixture 
of red with bluish purple. In 1904 most of the lobster zoese were red, 
but others were green, showing no red to the naked eye. Some were of 
a very pale green. 

The young lobster, while it is still a zoea, is, from its pelagic existence 
during a period of at least three weeks, exposed to many dangers. Its 
helpless condition, combined with its fairly largo size, and conspicuous 
colouration, will, no doubt, result in its extensive destraction. Its life 
near the surface of the water will, however, give it, on t)ie whole, probably 
a better chance of escape from small fishes than if it were swimming 
close to the bottom. 

While it is a zoea the lobster swims with its head bent downwards, 
and it attacks the food usually from above. It sees a white piece of the 
liver of the crab {Cancer pagurua) falling a good bit below it, and swims 
down in a spiral till it reaches it. It, however, chases copepods on a level 
with it, and also below it. When it is about to cast it seeks the bottom 
of the box. Some which were put into a glass tank kept boring away 
at the bottom in an endeavour to get down out of the strong light 
apparently. 

The keen sight of the zoSa is a remarkable contrast to the purblind 
condition of the adult lobster. 

In the megalops stage the young lobster for the first time crawls. It 
also swims, but now it swims forwards by means of its pleopods, with 
the two long chelie held extended straight in front, in this way protecting 
its rostrum from any rude shock which collision with an object might 
produce. It also swims and floats in a manner similar to that known as 
" treading water," when it tries to grasp anything near the surface, and 
it turns round on its long axis after copepods at the surface of the water. 
It can also dart backwards by means of a rapid stroke of its telson, after 
the manner of the adult, but this in both stages usually follows surprise, 
and is adopted for escape. It sinks whenever it ceases using its swim- 
merets or telson. The megalops swims more than the later stages. It 
seems to support itself more easily in the water than they do. Its 
method of swimming is by means of its pleopods, that of a Crangon or 
Palagmon, 

In thb stage the antennae are short, and their length seems to vary a 
little in different individuals. Certain megalopa have antennae which 
reach just in front of the tip of the chela when it is stretched straight 
out alongside the rostrum. Others have much shorter antennae. The 
setose exopodites are only present in some of the examples of this stage. 

The megalops is the homologue of the sixth stage of Crangon vulgaris, 
in that it has practically the adult characters, save for its very short 
antennae. It crawls about on the bottom of the box, and resists any wave 
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motion of the water which would tend to float it away. It clings with 
all its pereiopods to the silk cloth of the bottom until the wave motion 
ceases, when it starts crawling agJEun. Immediately the box is agitated, 
again it halts and holds on. 

In its ability to notice particles of food, the megalops appears to be as 
keen-sighted as the zoea. Mead contrasts the habits of the zoea and 
megalops. 

The next, that is the first young stage, swims about after copepods, and 
is to be seen swimming forward with the two chelaa extended together 
straight in front. The antennas of this stage are longer than in the 
megalops, and the following stage has still longer antennse. 

The stages subsequent to the megalops are even more difficult to 
dislodge from the corner of the box. They cling tenaciously to the 
bottom (silk gauze) until the water is withdrawn and they are left 
stranded. Then they loose their hold to follow up the water. This fact 
probably accounts for these stages never being met with in the tow-net. 
They are really bottom forms, and in shallow water would require to be 
able to stick well to stones or in crevices to prevent their being washed 
away. 

A young form will sometimes swim round the edge of the box with the 
off antenna stretched out in front and the near one thrown back along 
the body. 

Appell6f remarks regarding the first young stage that they hide in dark 
comers or under stones. They are then very stationary. He draws 
attention to the great caution shown by the young lobster, and considers 
that, in consequence of that trait, a relatively large percentage of them 
should survive. 

On the approach of winter the little lobsters in the Laboratory became 
very sluggish. In November and December 1902 they were rarely seen, 
except when the boxes were lifted. They stuck to the darkest corner of 
the box, and did not move about so much as they did earlier in the year. 
During these months there were hardly any copepods in the water supply, 
and this may have had something to do with their sluggishness. The 
increasing cold was, however, doubtless the main predisposing cause of 
their inactivity. 

One of the most noticeable features that accompanies the transition from 
the zoea to the megalops is the sudden change in the character of the 
animal. The zo^'a swims about in an aimless way, except for the 
moments when it pursues a copepod. It paddles persistently, and when 
it strikes against the side of the box it jerks away quickly. It is not 
disturbed by noticing anything ; all it appears to see is the little particles 
of food. It evidently sees short distances only. The main point is its 
indifference to possible danger ; it does not attempt in any way to conceal 
itself. In the zo^a stage the lobster had no fear or premonition ; in the 
megalops, it assumes with the adult garb the haunting fear of attack, 
which leads it to hide itself in some protecting crevice. It comes to 
rest in the darkest comer of the box, and while swimming about is 
always on the alert for a possible foe. For everything, food and pro- 
tection, it has to be completely self-dependent. The desire to hide 
appeared with the necessity. The bottom life is, without doubt, a 
dangerous one, possibly more so than the pelagic existence it had just 
passed through. Its eye still enables it to pick up copepods ; it is large, 
as in all the early stages of decopod Crustacea. It no longer swims 
aimlessly about, but simply occasionally on a foraging expedition. 

All the larvsB ate crab's liver, and hunt it by sight as it falls. And in 
the case of the megalops, when a little crabs' liver was introduced into Ute 
box, the lobster became very excited and rushed hither and thither, 
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following the scent dispersed by the current of water flowing through the 
box. 

One little lobster took up its abode for a day or two in a Purpura 
shell which lay on the sand that covered the bottom of the aquarium, 
but when it attracted attention, it had excavated in the sand a hole 
below the shell, and in it it lay. The hole was deep to the front, and 
was a neat fit. The lobster pushed out a quantity of sand, two armsfull, 
in front of it, and removed larger grains of sand and a little piece of 
debris with its maxillipedes. When returning from a promenade round 
its prison it carefully tested its lair before it backed into it. It was alone 
in the aquarium. Kow this lobster did not imitate an adult or any other 
young lobster in taking up its abode in the shelly or in digging a cave in 
the sand. When food was tumbled in it seemed to resent its approach. 
It appeared to be attracted by the scent at first, and then it put some fresh 
mussel that tumbled into its cavity out of the hole, while some mussel 
that was apparently old was left in. It was noticed that the mussel stuck 
to the pereiopods. 

Another little lobster, in its wandering about among the sand and mud, 
got its pereiopods and maxillipedes covered with fine debris which, no 
doubt, consisted, in considerable part, of diatoms. It was observed to 
pick off the debris and put it into its mouth. Sometimes the mud in 
the aquarium was all punctuated as if it liad been probed all over with 
the legs of the lobster. 

Thb Labval Stagbs. 

In the lobster the zo^ is a much more specialised organism than in 
certain of the other decapod Crustacea, e.g. Orangon and Cardnus. One 
important respect in which the former differs from the two latter is in 
the possession of functional gills. The presence of the gills determines 
the form of the appendages concerned in the respiratory function, viz. 
the second maxilla, and tiie maxillipedes which are employed in securing 
a circulation of water through the branchial chamber. The gills and 
their arrangement being very nearly similar to the condition in the 
adult, it follows that the function of the appendages is that which they 
perform in the adult, and their form is therefore practically that of the 
adult. In Orangon and Cardnus the maxillipedes have no respiratory 
function to perform in the zob'a ; they and the second maxilla are in form 
quite dissimilar from the adult condition. The adult form of these 
appendages are similar but not identical in the lobster and Orangon. 

The stages which will now be described have not been determined by 
following a lobster in its successive moults. They have been dis- 
criminated from the general collection of larvse whidi were developing 
in the hatchery. In the case of the higher stages, e.g. last zoea stage, 
megalops, first and second young stages, the casts connecting adjacent 
stages were observed. 

During the research it was found necessary to redissect this form 
which has already been treated by Sars and others, while the American 
species has been worked out by Smith and Herrick in elaborate detail, and 
profusion of drawings. 

The drawing in the present case represents the condition found in the 
appendage examined. The opportunity did not occur to dissect several 
zoeiB of the same stage with a view to determine the variation in each 
limb, and from that to fix the normal condition. When a comparison 
has been instituted between the limbs of different zoe«, variation in the 
hsXi arrangement, and in the nature of the hairs themselves, has been 
noted. 
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In the sketch the exact namher and arrangement of the hairs, &c., 
has been attempted, except in the case of figs. 7 and 16, and the draw- 
ings of the protopodite joints. The exact number of set© is not introduced 
on the exopodites, pleopods, uropods, or, in certain cases, on the telson. 
In the drawings of the complete larva the pereiopods are represented 
semi-diagrammatically. 



Thb Afpbndagbs of thb Fibst Zoba. 

The appendages present in the first zoea stage are — (1) the Eyes ; (2) 
Antennules ; (3) Antennae ; (4) Mandibles ; (5) First Maxillse ; (6) Second 
Maxillae; (7) First Maxillipedes; (8) Second MaxiUipedes ; (9) Third 
Maxillipedes ; (10) First Pereiopods ; (11) Second Pereiopods ; (12) Third 
Pereiopods ; (13) Fourth Pereiopods ; (14) Fifth Pereiopods. It possesses 
all the cephalic and thoracic appendages which the adult has. The 
telson is triangular. The pleopods and uropods are not yet developed. 

A detailed description is not necessary ; in addition to the drawing of 
each appendage, short notes will be merely added here. 

Eyb,^ o., fig. 4, pi. i. 

The eye is large, and has a very short stalk. 

Antbnkulb, a., fig. 2, ib. 

The antennule is crowned with three aesthetascs, one of which is 
specially large, and two hairs. A minute hair was found at the base of 
the aesthetascs on the antennule of one side, but not on that of the other 
side. A little short of the end of the antennule there is a little tubercle 
surmounted by a short plumose hair. In Sars' drawing of the appendage 
the plumose hair is shown larger than in the form here described. 
Herrick's drawing of the antennule of the first stage of the American 
lobster shows a more differentiated appendage. 

Antbhna, a., figs. 1 and 24, ih. 

The endopodite or flagellum (fig. 24) is two-jointed. It bears on its 
extremity four plumose setae. The antenna represented by Herrick has 
a segmented or annulated endopodite. 

The scale of one side had 23 setae ; that of the other side had 25 

setae. 

Mandiblb, Mn., figs. 5, 6 and 18, ib. 

The apparent joint in the mandible (fig. 5) above the origin of the 
palp seems to be simply the edge of its jointing with the cephalon. 

The two hairs on the palp {l^g, 18) have their distal halves finely 
serrated. 

An enlarged drawing of the cutting edge of the mandible is shown in 
fig. 6. 

First Maxilla, Im., fig. 27, ih. 

On the lower lobe the group of four hairs which have been, for con- 
venience, repres(^nted as pointed downwards, should be directed upwards. 
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Second Maxilla, 2m., fig. 9, ib. 

The second maxilla is really a maxillipede ; it forms with the maxilii 
pedes a series of appendages which, in addition to subserving a feeding 
function, also share the mechanical part of the respiratory process. This 
is performed by means of the epipodites. 

The epipodite of the second maxilla is the lower half of the scaphog- 
nathite, while the exopodite is represented by the upper half. 

The division of the second maxilla into joints is difficult to follow. 
My interpretation of the arrangement is as follows : (1) a basal joint ; 
(2) immediately above that a bi-lobed joint; (1) and (2) form the 
protopodite. Above No. 2 there is a three-lobed joint, the endopodite. 
The scaphognathite, which seems to be divided at its middle into two 
joints, represents in its top half the exopodite, and in its lower half the 
epipodite. 

There are 81 plumose setsB on the margin of the scaphognathite, and 
four small hairs on the surface. 

On the elongated top lobe of the endopodite the long hairs are 
sparsely plumose ; they are stiff spine-like hairs, with short, stiff cilia 
given off in pairs. The tips of the hairs are curved. 

There are 20 hairs on the second lobe ; they also have curved 
extremities. They are, with three sparsely ciliated exceptions, plain 
hairs ; one hair only was distinctly serrated on its distal half. 

The third lobe bears 13 hairs on the margin, and two on the under- 
surface. They resemble those on the second lobe; only a few are 
ciliated. 

On the fourth lobe there are stout hairs sparsely furnished with stiff 
cilia on theur proximal halves, and serrations on their distal halves. 

The fifth loba has long, stiff plumose bristles. 

First Maxillipbdb, Imp., figs. 7, 10, and 23, ib. 

The first maxillipede (fig. 7) has a large first protopodite joint bearing 
a large epipodite. The upper lobe of the epipodite appears to be seg- 
mented off. The second protopodite joint is a flattened lobe bearing a 
large number of serrated spines on ite margin (fig. 23). 

The endopodite is two-jointed (fig. 10), and bears several long sparsely 
plumose bristles. 

Second Maxillipbdb, 2mp., figs. 29, 14, and 19. 

From the first protopodite joint there arises two processes, united at 
their bases, one of which is a rudimentary gill, while the other is an 
epipodite (fig. 14). Both are hollow. An interesting condition was 
noticed in the gill, which may or may not be constant. The subject was 
not investigated. In the side of the gill there was a pore opening into 
a central cavity (fig. 14). The gill is not segmented. Between the 
wall of this central cavity and the outer wall there is a space which 
communicates with canals in the protopodite. The hollow of the 
epipodite communicates with a canal in the protopodite. In the draw- 
ing the canals are dotted ; the basement tissue is striated. 

The exopodite and endopodite arise from the second protopodite joint 
(figs. 29 and 19). 

The exopodite, which is furnished with two terminal hairs and a little 
terminal protuberance, has a long basal joint and a long flagellum in- 
completely divided by two septe. 
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The endopodite consisted of four joints ; that is one less than what it 
has later, and which the first stage specimen dissected by Herrick had. 
The first long joint in the present case showed a trace of division into 
two. 

The armature of the endopodite consists of serrated thorns resembling 
those on the same appendage in the YI. and YII. stages of Grangon, So 
far as was made out, they were, without exception, serrated. The serra- 
tions are minute, except in the large thorns. In fig. 29 the teeth are 
exaggerated. 

Third Maxilupbdb, Smp., figs. 8 and 16. 

Two gills and an epipodite are attached to the first joint of the pro- 
topodite. One of the gills is a podobranch, the other an arthrobranch 
{^g, 16). On the edge of the epidodite there are three hooks, of which 
the two larger are anterior. There is a second arthrobranch. 

The exopodite had two terminal setae and ten on each side. The 
annulations on the exopodite appear to be complete joints. 

The endopodite has five joints. The spines are, almost without excep- 
tion, serrated. Those on the under-surface (of the sketch) have two rows 
at least of large teeth ; the other spines have small serrations, of which 
there are two rows at least. The long terminal spine has very few ser- 
rations. 

Pbrbiopods. 

The pereiopods drawn are all of the right side. 

The pereipod consists of seven joints, viz. (1) first protopodite joint— 
Coxopodite; (2) second protopodite joint — Basipodite ; endopodite 
joints, viz. (3) Ischiopodite ; (4) Meropodite; (5) Carpopodite; (6) 
Propodite ; (7) Dactylopodite. 

The setose exopodite arises from the basipodite. 

First Pbrbiopod, Iper,^ figs. 11, 20, and 28. 

There are four gills connected with this limb — a podobranch, two 
arthrobranchs, one pleurobranch, and an epipodite. 

The endopodite has five joints, but the distal limit of the ischiopodite 
is shown by a line merely across the limb ; it is not a movable junction. 

On the propodite the spines, almost without exception, are serrated ; 
those on the same side as the dactylopodite have prominent serrations, 
those on the opposite side very small serrations. 

There were 22 or 24 setse on the exopodite. 

Sboond Pbrbiopod, 2p&r,^ figs. 22, 21, 12, and 15. 

As in. the preceding, appendage the first joint on the endopodite is 
marked by a line crossing what would otherwise be a first long joint of 
this branch ; giving five joints in alL The hand has serrated spines ; 
those on one side having larger serrations than those of the other side. 
There are three teeth on the inner edge of the dactylopodite. 

There were 24 setse on the exopodite. 

Four gills and an epipodite are connected with this limb. 

Third Pbrbiopod, Sper., figs. 13, 17, 25, and 26. 

The endopodite is incompletely segmented ; it has four joints. 
The spines on Uie claw of the propodite have large serrations. 
The exopodite had 24 (26) setse. 
Attached to the appendage are four gills and an epipodite. 
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Fourth Pbrbiopod, Sper,, figs. 42, 52, and 45. 

The endopodite shows five joints. On the propodite the spines have 
very large serrations on their distal halves, and smaller teeth on their 
proximal halves. On the other side the spines have small serrations. 
There are two kinds of serration on the long spine of the dactylopodite. 
At the base of this spine there is a tooth on the dactylopodite. 

The ezopodite had 24 (26) setae. 

Four gills and one epipodite are connectod with this limb. 

Fifth Pbbbiopod, 5pe9\, figs. 42, 52, and 45. 

On the endopodite there is a little tooth at the base of the terminal 
spine. 

The exopodite had 22 setse. 

One gill, a pleurobranch, is connected with the fifth pereiepod. 

Branohl£. 

The number and the arrangement of the gills of the first stage zoea 
are similar to the condition in the adult. Two of the gills, however, are 
here rudimentary. In fig. 49, pi. ii., the branchial cavity is shown. 
The gills are represented in the positiouB they occupy, but are shown 
much more slender than they actually would appear. They are packed 
close together. The division* of the gills into podobranchise, arthro- 
branchiae, and pleurobranchiae is clearly shown in the case of the majority 
of the gills, but some there are which, from their position, might be 
regarded as pleurobranchs. In the adult, however, they are arthro- 
branchs, and very probably are arthrobranchs in the larva. They are 
the gills on the top row of the arthrobranchs in the following scheme. 
The Table exhibits the arrangement of the gills in the first zoea stage 
(vide fig. 49). The gUls are arranged in the branchial chamber in four 
rows. The highest row consists of four pleurobranchs belonging to the 
second to fourth pereiopods. The next row consists of five arthrobranchs 
which are connected with the third maxillipede and first four pereiopods. 
The third row comprises another set of five arthrobranchs attached to 
the same appendages. The fourth row includes six prodobranchs, borne 
by the second and third ma^illipedes and the first four pereiopods. The 
first and last of the series are rudimentary gills. Each of the above- 
mentioned appendages, with the exception of the fifth pereiopod, has an 
epipodite. On the coxopodite of the last pereiopod there is a small process 
which may represent the epipodite. 

Herrick says that in the American lobster there is no rudimentary gill 
attached to the second maxillipede. 

In Fig. 49 the following letters are used : — pl.-br., Pleurobranch ; 
ar,'br.^ Arthrobranch ; pd.-br., Podobranch. 
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Branchtce of First Zo'ea Stage, 



Ist Row - 
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2nd „ 
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Ar. 


Ar. 
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Ar.* 




3rd „ - 




Ar. 


Ar. 


Ar. 
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Ar. 




4th „ - 




Pd. 


Pd. 


Pd. 
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Pd, 


» » 


•• 


Ep. 


Ep. 


Ep. 


Ep. 


Ep. 


Ep. 


Appendage. 


5 per. 


4 per. 


3 per. 


2 per. 


1 per. 


3 mp. 


2 mp. 



Abdomen. 

On the dorsum of the ahdomen there are three single spmea and a pair 
of hooks. The spines arise from the third, fourth, and fifth abdominal 
segments, and the pair of hooks are situated on the hind border of the 
sixth segment In the larva of the American lobster there is a small 
hook on the second segment also. 

There are four pairs of rudiments of pleopods; they are paired 
swellings projectiog below the ventral line. Each is widely separated 
from the other pleopod of the pair. The integument is apparently per- 
forated for the outward growth of the appendage, in a manner similar to 
the bud of a new limb. Inside, a fold can be seen. 

In each segment there is a pair of nerve ganglia. In the examination 
of the first stage of Carcinus the ganglia are noticed, but were not 
recognised.t There is a little tooth on the side near the anus. On the 
hind border of the telson there are 16 (17) little setae on either side of 
the median spine. In the dorsal view of the abdomen and telson the 
exact number of setse is not shown on the hind border of the telson. 

Food of the Zoba. 
he stomach of one zoea contained the integument of a copepod. 

Subsequent Stages. 

As mentioned above, there has been some difference in opinion regard- 
ing the number of stages into which the zoea period is normally divided. 
In the European lobster Sars distinguished three stages ; Saville Kent 
made out four distinct stages ; Chadwick has described three stages. 
Herrick, for the American lobster, discriminated three zoea stages only. 

The difficulty arises from the fact that during the zoea period the 
different developing appendages do not proceed pari passu; and while, 
no doubt, there is normally a correlation between the organs which results 
in a certain stage of development in the one being usually associated 
with another certain stage in the second appendage, still the variation 

*Tbo arthrobranch in the second row, connected with the third maxillipede, 
is hidden by the adjacent arthrobranch of the first pereiopod. 

t Vide Williamson. The Larval and Early Young Stages of the Shore-Crab (Oarcimts 
hnm¥u)y p. 157. 
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is comparatiyely very large. How is the number of zoea stages to be 
fixed ? The most direct method is to watch a zoea in its development 
from hatching till it reaches the megalops stage, when it changes its mode 
of life and assumes the form of the adult. In the zoea period every 
moult ushers in a new stage. As will be shown later, however, the 
megalops is not a fixed condition ; a large amount of variation occurs in 
its structure. The development of a single example would not be 
sufficient ; a number would be necessary. In the zoeaB of Crangon and 
Garcinus variation was noticed, especially in the size of larvae of the same 
developmental stage. These zoese are of very small size, whereas the 
lobster larva is large. The variation, then, in the latter is of much 
greater absolute size. The variation in size and in the development of 
the appendages together result in a multiplication of forms. Causes 
which are at present unknown — they may be food, temperature, salinity 
of the sea- water, &c. — stimulate development in certain or all the 
characters in some larvae, while apparently similar conditions of environ- 
ment result in delayed development in other specimens. The method 
adopted in the present case has been to group the zoese into as many groups 
as they naturally fall into. Of these there are three. But the extent of 
variation is sufficiently large to bring into prominence three other distinct 
forms. In the first group of zoem there are two dimorphic forms, and it 
might be inferred from that fact that we had simply to deal with two 
parallel series, but that does not appear to be the case. One case at least 
occurred where a larva belonging to one series passed by a moult 
apparently into the other series. 

The zoea stages are very readily distinguished by the stage of develop- 
ment of the pleopods. During the zoea period the pleopods develop and 
become functional for the first time in the megalops. This occurred, 
without observed exception, in the case of Crangon and Carcinua. 

In Homaru8 the first zoea has the rudiments of the pleopods; they 
do not project from the abdomen ; they are merely paired swellings 
on the posterior part of the under-surface of the abdominal segment. In 
Stage II. the pleopods project as unjointed bifid processes. In Stage III. 
they are large two-bladed appendages. 

In the first zoea the cornea of the eye is attached to the carapace ; the 
eye is sessile. In the second and third stages it is quite free from the 
carapace; the eye is distinctly stalked. 

The telson in the first zoea is triangular, its hind margin fringed with 
plumose set«. No uropods are present The nropods appear in Stage 
III. 

In each stage there is a marked variation in size, and the large indivi- 
duals usually show considerable divergence in structure from the small 
specimens of the same stage, in respect to the developing appendages. 

In Stage I. one or two large specimens, la. (fig. 67), but not all, 
showed a telson differently shaped from that of the smaller. But 
between these two, some larvae showed intermediate forms of the 
telson. Then a difference in the size of the ventral swellings (pleopods) 
on the abdomen was noticed, but the more prominent swellings were not 
confined to zoeae having the second form of telson. 

In Stage II. (fig. 68) the outstanding difference between the larvae was 
that of size; a dimorphic form was not noticed here. 

In Stage III. (fig. 69) difference in the size and structure of the pleopods 
is common. The dimorphic form of the third zoea (fig. 71, pi. iv.) is 
one which, in structure, is intermediate between Stage III. and the 
m^ialops. 

None of these dimorphic forms have, so far as I am aware, been 
previously recorded and described. It is possible that their origin may, 
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in some measure, be due to the enyironmeat ; the conditions, favourable 
and unfavourable, of their life in the Laboratory may have resulted in 
stimulating these irregular forms. The lobsters were under the influence 
of this environment for a month or so while in the egg, and afterwards 
during the whole of their free existence. The parent lobsters were from 
two widely separated localities, viz. the East and West Coasts of Scotland. 
The young forms were mixed together in the hatchery. The different 
origins of the parents might be accompanied by variation in development 
of the larvae. 

It is convenient to discuss the stages in the order of their sequence. 

Stags L — Saville Kent breaks up this stage into two stages, which he 
separated by two characters : — 

(1) Difference in size. 

(2) Difference in the number of dorsal spines on the carapace. 

Difference in size is not a character of value; and as regards the 
second, I have not been able to discover this difference. 

A very marked difference was found, however, between certain of the 
first zoeaB, in the shape of the hind border of the telsou. In the majority 
the hind margin makes with the hooks at the angles of the base a return 
curve of comparatively small radius ^fig. 30). In some of the larger speci- 
mens la. (fig. 67) the tebon is broader, the curve of the hind margin is a 
much shallower one, the lateral hooks being directed posteriorly instead 
of inwards (fig. 46). The setaa on the hind border are very short, while 
in the first described case the setae were fully half the length of the 
median spine. Now, in Crangon vulgaris^* the second stage differs from 
the first in having a telson of slightly different shape, accompanied by a 
greater number of spines on the hind border. There is also a difference in 
size. This fact would suggest the possibility of the two forms in Stage I. 
being independent stages, but the length of the setae was found to be 
variable, and cases occurred where it was impossible to say, from the 
length of the setae, to which form the individual belonged. I have come 
to the conclusion that there is not sufiicient differentiation to warrant its 
elevation to a separate stage. 

The second zoea (fig. 68, pi. iv.) is the fijrst stage in which the pleopods 
project. They are unjointed bifid processes. They issue, by foramina 
in the integument, from the posterior part of the under-surface of the 
2nd, 3rd, 4th, and 5th abdominal joints. The telson (fig. 48, pL ii.) has 
16 little setae on either side of the median spine. On the outside of the 
setae there is a little spine at the base of the lateral hook. The uropods 
are not yet free, but may be traced through the integument of the t«lson. 
Two zoea of this stage measured 10 and 12mm. respectively — ^a very con- 
spicuous difference in bulk. 

The third zoea shows a certain amount of variation, and between the 
third zoea and the megalops, and in the megalops^ variation is well marked. 
The dimorphism was noticed in respect to two characters especially, viz. 
those which are in process of development in the zoea period, e.g, the 
antennae and the pleopods. 

The third zoea (fig. 69, pi. iv.) is characterised by the possession of 
uropods. The telson, which is square, is toothed along its hind border 
(fig. 35, pi. ii.). There were 18 teeth on either side of the median spine 
in the specimen examined. On one side there was a little setose hair. 
Two or three short plain hairs were found on the dorsal surface of the 
margin. The pleopods (fig. 37) are larger; each consists of a thick stem, 
bearing two paddle-shaped processes. They are constricted off from the 
stem, but not by movable joints. The paddles are set across the abdomen, 

* VitUWimmMon. 
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and are fringed on both edges of their distal halves with short, stout plain 
hairs. The ezopodite overlaps the endopodite on the anterior side of the 
latter. In the third pair of pleopods of one larva there were 21 hairs on 
the exopodite, viz. 13 on the outer side, 2 terminal, and 6 on the inner 
side, i,e, next the endopodite. The endopodite was somewhat smaller 
than the exopodite, and bore 19 hairs, viz. 3 terminal and 8 on each side. 
The endopodite extends as a continuation of the stem of the appendage. 
There is a variation in this stage which is common ; it is the case wherein 
the pleopod is furnished with rather longer fringing hairs, a proportion, 
larger or smaller, of which are sparsely plumose. The pleopods apparently 
function to a slight extent in this stage. 

The two forms observed of the third stage then are: — Ilia, zoeae 
having pleopods fringed with aJwrt plain hairs; III&, zoese having 
pleopods fringed with rather longer hairs, which are in part sparsely 
plumose (fig. 36, pi. ii.). It is possible that 111b is the more common. 
This was the structure of the pleopod in the III. zoea stage described by 
Smith. 

The most striking secondary form is one which partakes of the 
characters of both zoea and megalops. It will probably be more con- 
venient, then, to define the normal or average megalops before proceeding 
to discuss the intermediate variation. 

The zoea has certain prominent characters ; these are the dorsal hooks 
on the abdomen, the purely maxillipede form of the pereiopods, the 
swimming exopodites of the thoracic appendages, and the stumpy 
antennae, which do not function as feelers. The pleopods in the zoea are 
not fringed with long plumose sets. 

The megalops stage is marked by the antennaB being long, minutely 
jointed, and used as feelers. The pereiopods function for widking ; the 
exopodites are greatly reduced. The pleopods are furnished with long, 
densely plumose setae, and have become powerful swimming organs. The 
dorsal hooks on the abdomen are absent. 

The intermediate stage, which is, for convenience, labelled thus " lY.'' 
in the plates, was quite common among the larvae that were reared. Fig. 
71, pi. iv., represents the most common condition of this form ; for it also 
varies. The antennule and the antenna are still not fully developed ; 
the former is single, and bears at its extremity a bunch of hairs. The 
antenna is longer than it is in Stage III. ; it shows some segmentation, 
and coming joints are indicated externally by the presence of little hairs ; 
it is not a functional feeler. In other respects tlus form is a zoea. The 
spine and hook armature of the abdomen is that of the zoea. The 
pereiopods and their exopodites are in the zoea condition. Drawings of 
the first pereiopod are given in figs. 43, 44, and 38, pi. ii. The part of 
the second protopodite joint which bears the exopodite is now segmented. 
The epipodite is also segmented off from the first protopodite joint (figs. 
44 and 38). The protopodite of the second pereiopod is represented in 
fig. 39, pi. ii. The endopodite has five joints — a chelate tip. 

It resembles a megalops in its pleopods, tclson, and the hand of the 
first pereiopod. The pleopods are large, and fringed with long plumose 
setae^ On the third pleopod (fig. 51, pi. ii.) there are on the exopodite 
33 setae, and on the endopodite 30 setae. The exopodite overlaps the 
endopodite on the anterior surface. The hand of the first pereiopod was 
long, resembling that of a megalops rather than that of the zoea (fig. 43, 
pi. iL). 

The Stage '* IV." varies to the extent of having its pleopods furnished 
with comparatively short hairs, some of which at least are sparsely 
plumose. This is the condition found in the modification of the third 
stage zoea, labelled lUb. The largest specimens are usually furnished 
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with the pleopods of the megalops. The telson of the "IV." stage, 
which was drawn, had no median spine on the hind border ; in this 
stage a median spine is osnally present. 

Stage '' IV." attracts attention from the fact that in general shape and 
hirge size it resembles a megalops. The use of the pleopods for 
swimming give it the characteristic megalops appearance. It swims 
with the chelae stretched straight out in front of it. It may be 
regarded either as a backward megalops, or as a precociously developed 
zoea. From the point of view of the former, the antennae, which are so 
prominently employed by the megalops, • have developed more slowly 
than the pleopods. We have, in fact, a megalops which has carried over 
certain zoea characters, viz. antennules, antennae, the purely mazillipede 
form of the pereiopods, and the abdominal hooks. There are other cases 
in which minor zoea characters are carried over and exhibited in the 
megalops ; they will be referred to later. If the second view is adopted, 
we are led to the interesting conclusion that an organ may by precocious 
development become functional in a stage which is normally without it. 

Might not an unusually rapid growth of the zoea in size necessitate the 
earlier provision of swimming organs to assist the exopodites which were 
sufficient in the smaller stages? Or might a lower salinity react by 
stimulating the development of greater swimming power ? The zoea has 
attained to the body of a megalops, and the result is the provision of the 
means of moving it about. 

Boas describes considerable difference in structure between the larvae 
and adults of the fresh-water and sea-water forms of Palaemondes 
varians. The larva of the former is larger than that of the latter. 

The megalops stage is illiistrated by several figures. Fig. 72, pi. iv.. 
shows the lobster in this stage. The pereiopods are represented by figs, 
60, 61, 62, and 58, pi. iii., while the abdomen and telson are shown in 
figs. 57 and 63, pi. iii. 

The exopodites of the pereiopods are present, and setose, though very 
much reduced ; but variations in the exopodites are common. In the 
stage following the megalops, viz. the first young stage, the exopodites 
are reduced to little processes {vide figs. 59, 65, 70, pi. iv.). 

While dissecting a megalops the first pereiopods broke off at the 
junction between the basipodite and the ischiopodite. These joints, so 
far as could be made out, were fixed, as they are in the adult. This is 
the fracture plane of Fredericq. The broken limb showed a clean but 
not very regular break (fig. 58, pi. iii.). The muscles in the ischiopodite 
run right down and terminate at the proximal end of that segment. The 
muscles of the exopodite may have something to do in effecting the 
fracture. 

The pleopods are similar to those of Stage " IV." (fig. 51, pi. ii.). The 
setae have long, stiff cila, and resemble generally the setae on the pleopod 
of the megalops of Crangon vulgaris. 

The telson of the megalops had a median spine on the hind border. 
This spine is usually absent ; it is a zoea character. 

The chela resembles that of the first young stage (fig. 65), but the 
tubercles on the meropodite are a little less prominent. 

The first young stage resembles much the megalops {vide fig. 70, pi. iv.), 
but is usually larger. The exopodites of the thoracic limbs are small 
processes, no longer setose. The antennae are longer than in the megalops. 
The pleopods are similar to those of the megalops. The rostrum is 
bifurcate. On the whole, the lobster in the first young stage resembles 
much in its habits the lobster in the megalops stage. It does not appear 
to swim quite so much. 

The first pereiopod of this stage is figured in figs. 65 and 59, pi. iii 
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The little hairs on the propodite and dactylopodite are prohahly sensory. 
Fig. 64, 16., gives a dorsal view of the telson. 



Variation op the Megalops. 

A typical megalops may he described as follows. It walks about by 
means of the pereiopods, which are now of the adult form, and it swims 
by means of its large pleopods. The exopodites of the thoracic appen- 
dages are present, but in varied structure. They may be setose, or 
much reduced, and without setae. The antennae now project as far in 
front as the chelse can reaph, and are used, as in the adult, as feelers. The 
rostrum is bifurcate at the tip. The eyes, like those of the zoea, are 
very large. 

The megalops varies in several ways — ^the following were specially 
noted : — 

(1) It as often as not has one or more of the dorsal abdominal 
hooks of the zoea persisting. 

(2) It may have the median spine on the hind border of the telson — a 
zoea character. 

(3) The exopodites may vary very much. Some or all of them may 
be setose, or they may be reduced to little processes, as in the first young 
stage. The exopodite of the first pereiopod does not usually have any 
setse. 

The following Table gives an analysis of 12 megalopa with respect to 
three characters. The sign + signifies the presence, and - the absence, 
of the character ; if no sign is entered the character had not been noted. 





Dorsal Hooks 

on 

Abdomen. 


Median 
Spine on 
Telson. 


Exopodites — 

some 

Setose. 


Exopodites 
reduced to 
small pro- 
cesses. 


4 Megalopa, 


+ 




+ 




1 Megalops, 


+ 






+ 


5 M^alopa, 


- 




+ 




1 Megalops, 






+ 




1 Megalops, 




+ 







Forms Resulting prom the Casting op III. and "IV."ZoEiE. 

Particulars were kept of various casts of the III. zoea and of the 
" IV." stage. The resulting forms were observed, andare entered in the 
following Table : — 
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Stage. 


Gasliwlo 


Special Characters of 
Resulting Form. 


Ilia. 


" IV." 


Pleopcds and Telson of Megalops. 


Ilia. 


"IV." 




Ilia. 


Megalops. 


Short Antennse. 


IIB. 


"IV," 


Pleopods of Megalops, 


III6. 


Megalops. 




III6. 


9) 




ITI6. 


)9 




UK. 


t9 




"IV." 


» 


In some respects, e.g, Exopodites 
of Pereiopods, resembled First 
Young Stage. 


"IV." 


» 


» >j >» 



Growth op the Young Lobster. 

The larval stages of the American lobster have been fully treated by 
Herrick, who followed its life-history from the time of hatching to the 
tenth stage, when the animal is over one inch long and about three months 
old. He says that the young lobster ceases to swim in the sixth stage. 

In the Laboratory here the young lobsters have been kept for various 
intervals up to ten months. Rearing experiments were carried on in the 
summer of 1902 and \he summer of 1904. In the case of the lobsters 
which were kept for several months, it was not possible to tell in what 
month they were hatched, but as the greatest number of the fry hatched 
out in August, the middle of that month has been taken as the date from 
which to calculate the age of the young lobsters. The growth in the 
cases here cited is possibly abnormally slow. 

A. 1902 Brood— Hatched in August 1902. 

1. September 28-30th 1902. — Megalopa issued from three specimens 

of the large " IV " zoea. 
„ October 30th. — One megalops cast. 
„ November 6th 1902. — Another megalops cast. 

2. October 1st. — A zoea cast into a zoea of ** IV " stage. 

„ November 7th. — The " IV " zoea was partly cast to megalops. 

„ December 5th. — The megalops was dead ; r6cm. 

3. October 2nd. — A zoSa cast ; a megalops issued. 

4. November 7th.— A megalops cast. 

5. November 2l8t. — A first young stage lobster cast. 

„ December 4th. — The soft lobster, second young stage, was found 
dead; l'4cm. 

6. December 13th. — A lobster of the second young stage died ; l*7cm. 

7. January 15th, 1903. — A first young stage lobster died ; l-7cm. 

8. „ 17th.~ A first young stage lobster died ; I'Scm. 

9. „ 27th. — A second young stage lobster died ; l'7cm. 

10. May 29th. —A second young stage lobster cast. 

„ June 11th. — ^The soft lobster, third young stage, died I'Scm 

11. May 31st. — A second young stage lobster cast. 

„ „ . —The soft lobster, third young stage, died ; 2*2cm. 
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B. 1904 Brood— Hatched in August 1904, 

12. October 27th 1904.— Young lobster, first yojjng stage, cast. 

„ November 3rd. — The soft lobster, second young stage, died ; I'cm. 

13. 31st October. — Young lobster cast. 

„ November 3rd. — Soft lobster died ; 2*5cm. 

14. June 4th 1905. — One young lobster, the sole remaining, measuring 

l*9cm , cast 
„ „ 14th. — The young lobster died ; 2'lcm. 

Casting of zo^ occurred as late as October and November and of 
megalops and later stages in October, November, May, and June. 

Length op Different Stages. 

The last zoea stage lasted, in the case of No. 2, from October 1st to 
November 7th, a period of five weeks. 

The megalops stage lasted, in the case of two examples in No. 1, from 
September 30th to October 30th and November 6th, i.e. four and five 
weeks respectively. 

Appellof records that two lobsters in the same jar differed from one 
another by a month in arriving at the sixth stage. Casting took place 
also in winter. 

Sizes of the young lobsters which died, and their approximate ages (from 
hatching) at death : — 







Length 


Number in 


Stage* 


Age. 


in 


preceding 






Cms. 


T.ifit. 


M 


2 months 


10: 1-7 




M 


2i „ 


1-6 


2 


+2 


H „ 


1-7 


12 




H „ 


2-5 


13 


+2 


3i n 


1-4 


5 


+2 


4 „ 


1-7 


6 


+ 1 


5 „ 


1-7 


7 


+ 1 


5 „ 


1-8 


8 


+ 2 


5 „ 


1-7 


9 


+ 3 


9 „ 


2-2 


11 


, , 


10 


21 


14 


+ 3 


10 „ 


1-8 


10 



* The foUowing contractions are used in this column:— "M," Megalops; " +1," 
first young stage, i.e, stage immediately following Megalops; ** +2/ second young 
stage, kc. 
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Additional measurements of lobsters of different stages : — 



Date. - 


Stage. 


Measurements. 
Mm. 


Sept. and Oct. 
1902. 

>» 
Sept. 1902. 


"IV'ZoSa. 
M. 

+ 1 


1-5: 1-5: 1-6: 1-6. 

1-5: 1-5: 1-5: 1-5: 
1-6: 1-6. 

1-56: 1-65: 16: 1-65: 
1-7: 1-7. 



Death op thk Young Lobsters, First Young Stage and Later. 

The majority of the young lobsters reared at the Laboratory have died 
shortly after casting. As a rule, the death took place gradually, as if a 
disease had seized them immediately on casting. The lobster became at 
once sluggish, moved about with difficulty, and simply ebbed away. 

October 23rd (No. 3). — One of the young lobsters cast, but became weak 
immediately after, and was hardly able to move a limb. It was removed 
to a larger vessel with a good supply of water, and it seemed to be 
reviving on the 28th. On October 31st it was livelier ; it could move 
its pleopods, but seemed to be paralysed in the thorax ; a faint movement 
of the antennules was noticed. It had a large swelling on its left side at 
the hind part of the carapace. It was dead on November 3rd. 

On October Slst (No. 5) a lobster that had not cast recently was seen 
to be almost dead ; there was just a little movement detected in the last 
pleopod. On November 3rd it was dead and covered with a fungoid 
growth. 

On November 3rd (No. 6) a lobster which was half -cast was found as 
if dead. No movement was noticed. The lobster was torn asunder, and 
it was then seen that life still remained, as vermiform movements of the 
organs were detected. A puff of white fluid material was squeezed from 
the anterior half of the body, and examined by means of the microscope. 
It was seen to consist of great numbers of infusors of various kinds, the 
majority being very small and roundish in shape ; others were long, 
pear-shaped. Some were progressing with an eel-like motion. Sporo- 
spheres consisting of a mass of minute infusora were made out. The 
water in which the lobster was had no infusors in it when a drop was 
examined. 

The death of the young lobsters is, without doubt, due to the rapid 
development in them of these inf user parasites. It is possible that during 
the casting process the infusors may gain admittance to the body, and 
their rapid multiplication there results in the death of the host in a few 
days. 

One lobster, the largest reared, measuring 1 inch (2 -5cm.) in length, 
reached that size by a cast on October 31st 1904. On November 3rd it 
appeared to be dead. On examination a little movement was detected in 
its limbs. It was removed to a large jar, but did not recover. 
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Berried Lobsters of Summer 1902. 

The parent lobsters from which the supply of larvie was obtained in 
1902 were kept alive in the Laboratory after the hatching finished. Two 
snrviyed till the spring of 1905. The history of these and of other 
lobsters which were kept in confinement will now be detailed. 

One lobster was found clean hatched on August 2nd 1902, and by 
September 10th all but one had hatched out their eggs. The exception was a 
lobster upon which a quantity of dead eggs remained attached to the swim- 
merets. On September 22nd one lobster cast its shell ; when examined 
on October 14th the shell of this individual was not hardening quickly. 
None of the others cast, and none spawned. If spawning actually 
occurred none of the eggs became attached to the adult. The lobsters 
were ten in number on January 16th 1903. None, so far as could be 
made out, had spawned ; one had still a quantity of empty egg-capsules, 
visible to the naJced eye, attached to the swimmerets. The soft lobster 
died on June 6th 1903. 

On July 6th 1903 eight of the 1902 hatchers survived. During that 
month six cast their shells ; one cast in August, and the eighth died in 
July. Of the six which cast in July, three died in the process of casting. 

The four soft lobsters bad not spawned in October, in which month a 
male lobster was introduced into the tank with them. On January 13th, 
1904 the male lobster was still with them ; none had become berried. 

One of the females was found cast on July 19th 1904, and it died 
the following day. A second cast on July 29th. The third was 
found dead on August 30th 1904. There were left at that date two 
lobsters ; one of these had cast its shell in 1903, and also in 1904 ; the 
other had cast in 1903. The male lobster remained with the latter. 
Both females were still unberried on 21st October. Neither had spawned 
by January 12th 1905. The lobster that cast in 1904 was found dead on 
February 16th 1905, and the remaining specimen had died by April 6th 
1905. 

During the two years and nine months the majority cast their shells, 
but none became berried. 

A Female that Spawned. 

A marketable* female lobster arrived from Dunbar in December 1902. 
It had a clean shell, and did not appear to have been berried. It cast 
its shell on September 2nd 1903. When examined on the 12th 
October following it measured 10| inches in length. It was not 
berried on January 13th 1904, but on July 14th it was found to have a 
small quantity of eggs attached to the swimmerets. The eggs were early, 
just spawned. No male lobster was present when the eggs were spawned. 
These appeared to be healthy, dark green in colour, with a clear dotted area 
to one side. The lobster had lost all its eggs but two by October 21st 

1904, and when examined on November 19th of the same year it was 
clean. On the subsequent examinations, viz. January 12th, May 6th, 
and June 19th 1905, the lobster was still clean. It moulted on July 2nd, 

1905, and was killed then. This cast has not been entered in the table 
on p. 90. 

Berried Lobsters of 1903. 

Some berried lobsters, eight in number, were obtained from Dunbar in 
September 1903. Two had well-developed eggs, and the eggs hatched 
soon after arrival. By September 24th two more had hatched their eggs ; 
a few eggs remained attached to rne lobster. The four others had black 

* A lobster is marketable when it is eight inches, and over in total length of body. 
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eggs, which appear to have been freshly extruded. They were not 
retauied at the Laboratory ; the clean-hatched lobsters were preserved 
alive. During the winter that followed none, so far as was noticed, 
spawned, and on January 23rd 1904, of the three that remained, none 
was berried. One lobster cast on July 9th 1904. The cast shell was 
clean ; the antennas which had been most exposed to the light had some 
a1g» growing on them. It died on July 1 4th. The second lobster cast 
on July 13th, and the third on July 25th. 

By October 21st 1904 only one survived, and it was not berried. It was 
examined again on November 19th 1904, January 12 th 1905, Id ay and 
June 19th 1905, and on each date found to be unberried. 

Berried Lobsters op 1904. 

A stock of berried lobsters, 20 in number, were obtained from Girvan 
and Dunbar in June and July 1904. All but ^vq hatched their eggs by 
the end of August. These were still berried on October 12th 1904. Of 
the others, one cast in August, one cast in September, four more had cast 
by October 12th 1904, a seventh cast on October 29th 1904, and the 
eighth was found cast on November let 1904. Of the fifteen which 
hatched their eggs, eight cast their shells by November 1st The 
remainder, seven in number, were examined on December 15th 1904, 
January 12th 1905, May 8th and June 19th 1905. None had become 
berried. At the examination in May one had died. 

Six of the soft lobsters had died by November 16th 1904 ; none of 
them had spawned. On January 12th two were alive, but they had 
succumbed by May 6th 1905. 

When the berried lobsters were examined on October 12th 1904 the 
external eggs showed, under the microscope, a considerable pink area at 
one pole, wherein were to be made out the pigmented eyes and the rudi- 
ments of the limbs. The great mass of the egg consists of black yolk. 
The lobsters had probably spawned their eggs just before they were 
captured in July. 

On January 12th 1905 the reddish or amber-coloured area had increased 
a little ; it extended well round the black yolk. The eye of the embryo 
has a prominent black retina ; the limbs are distinct. 

When examined on May 6th 1905 the eggs showed a further increase 
in the red area ; it extended almost completely round the yolk, but was 
still narrow in most of the eggs. At this date four lobsters remained ; of 
these, one had got rid of its eggs. Two were clean on June 19th 1905. 
The eggs of the two others were far advanced. 

Proportion op Berried Hens in the Catch of Lobsters. 

As to the proportional numbers of berried to unberried females cap- 
tured by the fishermen, Herrick's observations showed that in April 
and May the largest percentage of berried females were captured in 
Wood's Hole Harbour. In these months the berried females formed 40 
and 36 per cent, respectively of the total number of female lobsters 
taken. 

Ehrenbaum found that at Heligoland the berried hens were taken in 
largest numbers in July, August, and September, during which months, in 
the period covered, the percentages were 35, 46, and 44 respectively of 
the total females. 

Cunningham's statistics of the lobsters caught in the Cornwall district 
show that in April, May, June, and July the berried females form a 
considerable proportion of the total catch. In the three years 1895- 
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1897 the proportion of berried hens during the months March to July, 
amounted in some cases to 50 per cent, of the females captured. For 
the four months April to July, at Cadgwith in 1899, out of a total of 443 
females, 108 were berried hens. 

Meek has published statistics of the catch of lobsters and crabs during 
the past six years, 1899-1904, both inclusive. The monthly totals at 
Seahouses and Beadnell are given for each year. The lobsters are classified 
as hard, small, and berried. The largest number of berried females were, 
as in Cornwall, captured in April, May, June, and July. For the six 
years the berried hens made up on the average in these months 28, 34, 
32*7, and 22*8 per cent, respectively of the females captured at Sea- 
houses. 

Thb Casting of the Lobster. 

The Male Lobster. 

A male lobster obtained in October 1903 was kept in a tank along 
with four soft female lobsters. On April 14th 1904 it was found to have 
cast, and on July 14th following it was already hard. It was noticed that 
it was an eager feeder. When examined on November 19th it appeared 
to be soft to the touch, and on November 21st it had again moulted ; 
that was after an interval of seven months only from the previous cast. 
It was killed by the female lobster that was with it in the tank. It had 
bled to death ; the injuries were not very extensive. It measured at its 
death \\\ inches in total length. 

Two male lobsters which were kept in confinement by Brook cast 
twice in each of two successive years. One, measuring 7^ inches in 
length, cast in (1) May and again in (2) September 1883, and also in (3) 
May and (4) October 1884. The size after each cast was (1) 7J|^ inches, 
(2) 8|f inches, (3) 9f inches, (4) 9f inches. The second male lobster 
measui^ed 6|^ inches. It cast in (1) July and (2) December 1883, and 
in (3) June and (4) November 1884. The size after each cast was (1) 
7^{f inches, (2) 8 inches, (3) 8 J inches, (4) 9f inches. 

The Coating Periods, 

The lobsters which moulted at the Laboratory did so in the following 
months : — April, July, August, September, October, and November. All 
these observations refer to adult lobsters 8 inches and over in length, 
which were nearly all females. Most of the females were lobsters which 
were berried when they arrived at the Laboratory. In the following 
Table they are indicated by the letters e.h. (eggs hatched). 

The Table which follows shows the date on which the lobster cast, its. 
length before casting, and sex. The interval of time that has elapsed 
since the eggs were hatched is given in one column, and the interval 
between two successive casts is shown in the three cases where it occurred. 

The numbers indicate separate moults : the same lobster appears twice 
in three cases. 
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Size 

before 

Casting. 




Interval 
between 


Interval 


Period 

of 

Captivity 

before 




No. 


Date. 


Sex. 


Hatching 

the Eggs 

and 


from 

Previous 

Cast. 












Casting. 




Casting. 








Inches. 












1 


April 14, 1904. 


. . . 


d 


. . . 




• • . 




2 


July 6, 1903. 


12X 


?e.h. 


1 Year. 










3 


» 15, „ 


12i 


?e.h. 


^ j» 










4 


„ 20, „ 


11 


Je.h. 


A >» 










5 


» 21, „ 


10| 


?e.h. 


*■ 99 


... 








6 


»> 22, „ 




? e.h. 


^ >> 










7 


» 29, „ 


h 


$e.h. 


■*• >> 


... 








8 


„ 1904. 


Hi 


Je.h. 


A >> 




• 






9 


» » 


iH 


$e.li. 


^ >> 










10 


>> >> 


12 


?e.h. 


*• >> 


... 








11 


>> >> 


12| 


Je.h. 


2 Yeabs. 


1 Yeae. 








12 


» >> 


11 


2 e.h. 


2 „ 


1 ,, 








13 


July 28, 1902.* 


. . * 


d 


. . . 


... 








14 


August, 1903. 


11 


$e.h. 


1 Year. 










15 


1904. 


. , , 


$e.h. 


1 month. 










16 


Sept., 1902. 


n 


$e.h. 


1 ,, 










17 


„ 1904. 




$e.h. 


1 ,, 










' 18 


>> >> 


* • • 


$e.h. 


1 „ 










19 


„ 2, 1903. 


11 


Je.h. 


1 Year4- 


... 
















1 month 








20 


»i 2, „ 


[io«t 


2 


... 


... 


9 months. 


Was berried 
in July 1904. 


21 


Oct., 1903. 


111 


2 


... 


... 


1 Year. 




22 


„ 1904. 




2 e.h. 


2 months. 


... 


... 




23 


» >> 


... 


?e.h. 


2 „ 










24 


„ 12,1904. 


Hi 


?e.h. 


2 „ 


... 








25 


>> 29, „ 


m 


?e.h. 


2 „ 










26 


Nov. 1, „ 


11 


$e.h. 


3 „ 


. . . 








27 


n 21, „ 


... 


c? 




7 months. 










•Cast 


at Dunbar. 




t 


Size of soft lo 


bstor 







The total number of casts recorded above is 27. They occurred in the 
months of April, July, August, September, October, aud November. A 
summary of the casts is here introduced. 
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TABLE SHOWING THE Number of Casts in each Month. 





Sex. 


i 


s- 

s 


6 

1 


t 

i-s 


1 


1 
1 


1 


a 


Number of Oasts < 
of ea«h Sex [ 


6 
? 


1 


, , 




1 
11 


2 


5 


5 


1 

1 


Total for month . . 


1 


•• 


•• 


12 


2 


5 


5 


2 



So far as the class of female lobsters here dealt with is concerned, 
there are two fairly distinct casting seasons. One, which is at its maxi- 
mum in July, claimed those females which were not berried during the 
previous winter,* while the second is an autumn casting season, the 
principal months being apparently September and October. In the 
autumn season those females that were berried during the previous winter 
and spring cast f that is to say if they cast at all during that year«> The 
two seasons overlap, however. On September 2nd one of the first class 
of lobsters cast, and the list includes, for August, one of each class. 

The two cases in which the lobsters cast two years in succession, viz. 
Nos. 11 and 12, are interesting, from the fact that the view has been held 
that the adult lobster would not cast two years in succession. Appell6f 
maintains that view. The frequent castings of Brook's specimens and of 
the two males recorded above are important as indicating a possible 
divergence in rate of growth from the female. 

It certainly seems that in captivity the casting process becomes more 
frequent than in the case of the lobster in the sea. The inactive existence 
of the creatures, and the absence of any search or exertion on their part 
in the quest for food, may have predisposed them to vegetate in place of 
reproducing. The food supplied was not excessive in quantity ; it con- 
sisted of shelled mussels {Mytilus edulis) and fish. 

The Increase in Size on Casting, 

One fact has been noticeable in connection with the moulting that 
occurred at the Laboratory, and that is the small increase in size that has 
followed the casts. 

It is sometimes difficult to accurately measure the moulted shell, owing 
to the rupture of the connection between the carapace and the abdomen 
which occurs during the change, but care was taken to replace the parts 
as nearly as possible in their natural relationship before measurement. 
In the following Table the sizes of the lobster before and after the moult 
are set forth. As a rule, the soft lobster was measured within a day or 
two of the cast All the lobsters in the Table are females. The lobster 
is measured from the tip of the rostrum to the hind edge of the telson. 

* There was one exceptioD. One female which was berried daring the winter cftst 
in the July following. Fuie p. 87. 
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No. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 



Month. 



July. 



Sept. 
Oct. 

Nov. 



Size 

(inches) 

before 

Casting. 



Size (inches) of 
Soft Lobsters. 



Measured 
just after 
the Cast. 



12 

11 



Measured 
after an 
Interval. 



13 
12g 



10| 



Immediate 
Increase 
in Size. 



Inch: 

k 



1 



Length 
of Time 

in 
Captivity. 



1 Year. 



2 Years 
1 Year. 



I month, 
1 Year. 
2 months, 

2 „ 

3 „ 



These figures indicate that there was no great increase in size just after 
the cast, whatever may happen during the time that the shell is harden- 
ing. Herrick found that the lobster grew considerably during that time. 
While most of the lobsters mentioned in the Table had been in captivity 
for a year or more, there are four cases in which the length of confine- 
ment was only that of a month or two. In the case of one lobster, 
the increase in size nine mouths after the moult was one inch. 
In the other short-period cases the increase was just as small 
as with the lobsters which had been over a year in the Laboratory. 
In two cases, in fact, the soft lobBier was, as far as could be 
ascertained, exactly the same size as the hard lobster. It was not 
possible to separate all the soft lobsters and measure them subsequently 
to see what increase took place during the hardening of the 
shell. In the case of the first two lobsters, which were re-measured, after 
intervals of two and one week respectively, an increase of ^ inch in each 
case took place. Ehrenbaum agreed with the earlier observations of 
Herrick and Rathbun in noting the slowness in the growth of the older 
lobsters. He instances a case where a lobster, measuring 40* 2cm. (16 
inches) in length, only increased its length by a mDlimetre (^ inch) on 
casting. Yitzou gives measurements to show the increase that takes 
place in different parts of the body after casting ; he demonstrated the 
fact that while the carapace and abdomen increased in size at once, the 
large claws only showed a marked increase 17 hours after the moult. 

Salter describes in detail the operation of casting. The lobster cast in 
July. Immediately after it had got rid of its shell it concealed itself 
among a mass of seaweed that it had before casting collected in a corner 
of the tank. Brook observed that a male lobster buried some food 
before casting, and after another cast it partially buried its cast int^u- 
ment in the sand. 
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Ths Hardening of thb Shell. 

i The Rhells of the soft lohsters hardened only very slowly, in this 
respect differing from cases reported by other obseryers. A male lobster 
that cast when in a box floating in Dunbar harbour in July 1902 was 
33 days later hard. It had lost nearly all its pereiopods, and so had 
difficulty in walking. It arrived at the Laboratory on September 30th, 
and lived there until December 30th 1902. Herrick says that six to eight 
weeks are required to complete the hardening process, a period also 
given by Prince. Ehrenbaura gives a period of from three to four 
weeks. Meek records a lobster that, having cast on September 12th, 
regained its hardness of shell in one month. 

The lobsters in the Laboratory were not eager for food immediately 
after the moult. The food was shelled mussels usually, with fish 
occasionally. The integument, once it became stiffened, remained for a 
long time more or less pliable, as if the calcified layer of the shell were 
poorly developed. Whether the slow hardening is due to the nature of 
the food or of the sea-water is not known. The shells, many months 
after the cast, were deficient in lime and cut easily like brown paper. 

The lobster that cast on September 22nd 1902 was still soft to the 
extent that the integument is flexible and yields to pressure, when it 
died, viz. on June 6th 1903. Another which cast about the middle of 
August was fairly hard a fortnight later. Three lobsters which moulted 
in July 1903, and one that moulted in August of the same year, were in 
the following July 1904 still softish in the shell. They were in good 
condition, for two of them cast during that month. The fact, then, that 
their shells had not become as hard as that of the lobsters caught in the 
sea, did not apparently constitute any weakness in the animals. 

A female which cast on 19th October 1903 was fairly hard on December 
30th 1903. One of the casters of 1904 was kept until April 2nd 1905, 
when it was found dead. It was fairly hard, but the carapaces and 
integument of the abdomen cut easily with a knife. On the shell there 
was a considerable number of the shells of an annelid. The colour of 
the carapace was a dull black. It is possible that the food supply is not 
sufficiently varied to supply all the materials necessary for the building- 
up of the shell. 

One of the lobsters that cast in July 1903 was on October 2l8t 1904 
not very hard. It was found dead on February 17th 1905, and it was 
then hard. 

A female lobster cast in July 1904; on May 6th 1905 it was still 
rather soft. 

The shell of a soft lobster, when put into alcohol, turns red ; the colour 
of the hard shell— blue-black — is not affected by the alcohol. 



Indications op Appboaohino Moulting. 

When the stock of lobsters was examined on 21st October 1904 one of 
the lobsters, a female, that had hatched its eggs a month or two previously, 
attracted attention. The carapace was raised posteriorly and separated a 
little from the first abdominal joint ; the skin between the carapace and 
the abdomen was bulged out. Ventrally the soft parts between the abdo- 
minal segments were turgid. The absorption aress on the chela were a 
deep bright blue, and yielded a good deal to pressure, showing that 
absorption of the calcareous layer had been going on there. The lobster 
was separated from the others, and it cast on November 1st. 

o 
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On 29th October 1904 a female cast. It had been isolated a short 
time before. It was then very limp, and half dead in appearance. It 
was swollen at the junction of the carapace with the abdomen, and some- 
what dropsical in appearance. It was not at all smart with its chelse. 

Ehrenbaum says that the lobster merchant is able to distinguish a 
lobster that is about to cast, by the softening of the ventral edges of the 
carapace. 

Thb Cast Shbll. 

The colour of the dactyls of the chels is noticeable. The back edge of 
the dactyl is clean and purple in colour, and the pores are well marked. 
The cast oitomach is empty. There is a glairy skin under the carapace, 
and united to the membranous lining of the integument of the abdomen. 
It ruptures easily, and is often found sticking out as a fold at the junction 
of the thorax and abdomen Vitzou, who witnessed the moulting of the 
lobster, describes this skin as a homogeneous,, gelatine-like layer, which, 
under the microscope, shows no cellular structure. It is, he says, a 
secretion of the lower layers of the new carapace; it passes out by 
endosmose to lie between the old shell and the new integument. Its 
presence there facilitates the casting. 

The Soft Lobster. 

The soft lobster, when just cast, is extremely soft and pliable ; the tip 
of the chela can be made to touch the telson. The stomach is full of 
little ossicles, which are derived from the breaking-up of the gastroliths. 
The lobsters at the Laboratory very often failed to rid themselves of 
their integument. A considerable number died from this cause. 

A lobster that moulted on September 22nd 1902 was kept in one of 
the compartments of a wooden hatching apparatus until October 14 th 
1902. When in the wooden box it had not eaten food (fish) at all 
eagerly. It was at the latter date put into a tank, the bottom of which 
was covered with sand and gravel. It began immediately to eat small 
pebbles and gravel. Hard lobsters also have been occasionally seen 
picking up coarse gravel with the pereiopods and putting it into their 
mouths. 

When a lobster casts in a tank in which there are other lobsters it is 
usually attacked by them, sometimes before it has finbhed casting, and 
it is sometimes fatally injured. A soft lobster occasionally bleeds to 
death in consequence of what appear to be comparatively slight wounds. 
On July 15th a lobster was found to have lost both chelse in moulting; 
it had been attacked and had cast off both claws. One chela was 
shriveUed just as it is when it is first withdrawn from the shell, and 
before it has swollen out. The other chela had swollen out to its full 
size. Both claws were cast off at the fracture plane. Couch observed 
that "the rejection of the limb can be effected with the same ease 
while the crust remains soft after exuviation." This fact militates 
against the view that strong rigid supports are necessary round the 
fracture plane to permit of the defensive mutilation on the part of the 
crustacean. * 

In another case a hard lobster had lost one chela, and the other bore 
the scar of a bite. During moulting the scar prevented the withdrawal 
of this limb, so it was thrown off at the fracture plane. A bud had 
formed in place of the previously lost limb, and after the cast a diminu- 
tive chela was present; the hand (propodite and dactylopodite) measured 
2^ inches long, while the normal-sized hand measures 4 to 5 inches. Brook 
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found that the lost smaller pereiopods were reproduced to their full size 
after one cast. 

Rate op Gbowth. 

Coste* stated that the lobster begins to reprodace in its fifth year. 
It casts from eight to ten times in the first year, five to seven in the second, 
three to four in the third, and from two to three in the fourth. After 
the fifth year the changes are only annaaL 

Becent researches on the rate of growth of the European lobster by 
Appellof are summarised in a recent number of the Fish Trades Oazette.f 
A lobster, hatched in 1900, cast on 20th June and 5th September 1902, 
and at tbe latter date measured 3^ inches long. In the following year it 
cast on 22nd June and 21st August, its length then being 4| inches; 
it was then three years old. Another lobster, when caught in 1901, 
measured 4| inches; it cast twice in 1902, and measured 7 inches. In 
1903 it cast once, and was then 8^ inches. Appell6f concludes that the 
lobster on the west coast of Norway takes six or seven years before it 
reaches a length of 8| inches, that is to say, maturity. The number of 
casts which have occurred up to that stage is 17 to 19. Meek concludes 
that the lobster is 9-10 inches long when four to five years old. 

^errick considered that the American lobster when 10 inches long was 
about 4J years old. In the 32nd and 33rd Reports of Commissioners of 
Inland Fisheries of Rhode Island certain data are given bearing on the 
rate of growth of that lobster. A method of rearing the larvae in cloth 
bags was found to be very successful, a whirling motion was maintained 
in the water while the lobsters were in the soea condition. Lobsters 
were reared from the zoea condition and kept until over two years old. 
The following are the average sizes at different ages : — 



3 months old 


If inches long. 


10 „ 


av. 2 


1 year 


» 2- „ 


2 years 


» *j : » 


2 years 4- 4 months 


l> *8 » 



The Behaviour of the Lobster. 

The main motive of a lobster's activity is defence-— caution ; and, in 
defending itself, a blind unrelenting vengeance is a fitting corollary. It 
first procures a hole within which to lie waiting for its prey, and to which 
it may retire after a foiay. Any animal that appoaches it is a foe. No 
animal, lobster or other, is safe to approach and make its presence known. 
In this highly organised form, its keenness in attack, and relentless hold 
when it once has gripped its antagonist, are 'due to its want of sight. The 
want of sight, in its true sense, in the lobster and crab places a disability 
on them, and reduces the effectiveness of animals which would otherwise 
be powerful competitors of the smaller inhabitants of the sea. Herrick 
says that the eye of the lobster is so sensitive to light that it 
cannot bear strong light; strong light blinds it. One immediate 
difficulty then which is experienced in keeping lobsters in confinement 
is their tendency to fighting, which usually results in the loss of a 
chela to one of the combatants. When a lobster is seized by its big 

♦ VicU Buckland. 
t July 9, 1904. 
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claw it very often has to yield it up, wherenpoa the other UDeoucernedly 
drops it Lobsters which have been confined together show many traces 
of the attentions that have been paid to one another. The chela is, in 
many cases, missing, or, if it persists, has one or more scars of bites, which 
had crashed through the shell Very few of the lobsters have anything 
but short stumps of their antennae, these organs having been snipped off 
more or less close to the head by their companions. These accidents 
usaally happen when the lobsters are wandering about seeking for dark 
corners and sheltering holes. After they have settled down in their holes 
they stick to their habitations and do not come so much into competition 
with one another. When they are first introduced into a tank it is well 
to have the big claws tied, and by the time the claws work free their 
owners will have settled down in their new quarters. If there is suffi- 
cient accommodation in the form of holes of inviting darkness, they will 
soon get peacefully distributed ; but at first a lobster will sometimes try 
to evict one lobster from the hole which it has selected as its abode. One 
lobster was seen to yield up the lecess, which was immediately taken 
possession of by the aggressor. 

On each occasion when the tank is emptied for cleaning, and for the 
purpose of examining the lobsters, it is usually necessary to disturb the 
shelter-holes, which are formed with stones. When the tank is filled 
again the lobsters do not seem to recognise one another at once. They.go 
cautiously about seeking shelter, on the watch for foes and ready to fight 
any lobster they may meet. Under such conditions, then, it is not 
surprising that chel» are lost, or some other injury incurred, before they 
are all satisfied as to hiding accommodation. Wlien they settle down they 
allow for one another's presence and get on without quarrelling. This is, 
of course, due to a healthy respect which they have for one another's 
fighting powers. The truce is nothing but an armed neutrality. If any 
one of the lobsters loses its fighting power through casting its shell, it is 
at once attacked. And that occurs in cases where lobsters have lived 
together for months. Four lobsters were in a large tank undisturbed 
for four months. When the tank was emptied each lobster was handled. 
Two days after the tank had been refilled the chela of one of the inmates 
was lying loose on the sand. 

More especially do the lobsters take advantage of any one of their 
number that casts its shell. Very seldom does the soft lobster escape 
without serious injury. Female lobsters attack a soft female. The male 
which cast in November 1904 was so injured by the female which was with 
it in the tank that it bled to death. How a male would act towards a 
female that cast in its presence was not indicated during the experiments, 
as that case did not occur. 

A female lobster that cast on July 13th 1904 had a hard male lobster 
introduced into the box in which it was. The male did not appear to 
mind the listless and inactive female ; it certainly did not attempt to 
grasp it or fight it. On July 1 9th the female was found to have been 
bitten in the cephalic region ; one chela had been lost and one or more of 
the remaining pereiopods bitten off. This is very different treatment to 
that meted out by the male crab to the moulted female. In the latter case 
the male protects her. 

The extremely defenceless condition of the soft lobster was especially 
seen in one case. A female that moulted in August had lost both chelae. 
It was kept by itself until October, by which time it had become fairly 
hard. A lobster that had just cast had both chelae, but was very soft. 
The two were put together into a small tank. In a few days the soft 
lobster was found dead ; its antennae, eyes, and part of one chela were 
eaten off. 
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Peculiar Action of a Group of Lobsters, 

On October 29th the four female lobsters which cast during the 
summer were very restless. They were walking about in the tank, or 
standing, as it were, on tip-toes, and having the abdomen bent, with the 
edge ot the telson close up against the fifth pereiopod. Occasionally they 
extended the abdomen and moved the swimmerets backwards and forwards. 
The male lobster which is with them was also out of his hole, standing on 
tip-toes, with the abdomen extended straight out and moving his 
swimmerets actively. The lobsters appeared to be quite friendly, and 
did not attempt to bite one another. The supply of water running into 
the tank was not very large at this time. Whether this had in any way 
influenced the action of the lobsters is an open question. It had not 
been observed before. 

The Sbnsbs of thb Lobstbr. 

The lobster when it walks has the telson turned in on the abdomen, 
and ii marches on the " points of its toes/' backwards as well as forwards. 
It is practically blind; it sees nothing properly^ at least that is the 
case where it is exposed to the comparatively strong light which 
during the day illumines the tanks in the Laboratory. It has 
simply the sensation of light and shadow. It tests a shadow 
with its antennse, or sometimes where a strong shadow is thrown 
on it, it jumps at it with its chelae outstretched and snapping. It 
is dependent on its antennae for guiding it in safe places. It is 
especially careful in testing any hole before it is satisfied with it. It 
discovers the cavity by means of its antenna, which is waved well out 
to the side and in front as it walks. It searches the innermost depths 
of the hole with the antenna, and then inserts its chela. If the examina- 
tion with the chela is also satisfactory, it immediately turns and hades 
smartly into the hole. In feeding it is guided to the food by the 
antennules. A piece of food which is dropped near a lobster may fall 
quite unnoticed unless it happens to touch the antenna or the pereiopods. 
It is not seen at alL But sooner or later, according as the distance is 
short or great, the scent of the food, carried by the currents set up by.the 
exopodites of the maxillipedes, reaches the lobster. The lobster is 
immediately excited, although previously it was lying quite inert in its 
hole. It whips the water with its antennules in a staccato fashion, and 
feels about with the antennae and chelae ; at first without leaving its hole. 
At once both antennules are seen to be whipping in the direction in 
which the food is lying, and an active search is made with the antennae. 
If they do not succeed in locating the bait, the lobster rather reluctantly 
leaves its hole, but cautiously, feeling all round about with its antennae. 
It goes off straight in the direction in which the food is lying, and if it ihisses 
it with its antennae and chelae, walks over it and gets it with its chelate 
pereiopods; it usually picks up its food with the second pereiopod. 
Meanwhile the expected feast has by association stimulated the maxilli- 
pedes, which are actively working as if they were already masticating the 
food. Once the food is seized it is conveyed to the maxillipedes, and the 
lobster retreats to its hole, there to enjoy its meal. Two lobsters were 
noticed to have stored up in one case some mussels, in the other a dead 
sand-eel {Ammodytes tolnianus)^ in the inner recesses of their caves. 

Epfkot of Cold on Lobsters. 

In the winter the lobsters kept in the tanks of the Laboratory became 
very sluggish, and ate very little if any food. When taken out of the 
water and exposed to the frosty air they become very inert. 
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The Effbct of the Exposure of the Lobsters to Strong Light. 

A number of lobsters have been kept oat of doors, in tanks which were 
without covering. In two of the tanks the bodies of the lobsters were 
hidden by the wooden shelf which formed the common roof to their pens ; 
one large concrete tank afforded them no cover whatever. In the former 
the antennas of the inmates were exposed to direct daylight, and they 
very often had pieces of seaweed and smaller ectozoa growing on them 
during the summer. Two females were kept in the concrete tank from 
the autumn of 1902 till September 1903. At the latter date they were 
completely covered and hidden by a prolific growth of seaweeds, 
Laminana sp., young mussels, &c, which completely occupied the 
^ dorsum of each shell-fish (vide fig. 73, pL iv.). The covering appeared 
'to be of some inconvenience to the lobster in walking. While the 
growth of the seaweeds was, no doubt, directly due to the exposure to 
daylight, it is probable that it was permitted by the host as a shelter in 
the exposed tank. The shells of the pair were clean when they were 
put into the tank. Herrick records examining a number of lobsters 
which were adorned with more or less extensive collections of seaweeds 
and other ectozoa. On none of the lobsters captured in the sea and sent 
to the Laboratory was there any coat of seaweed. The ectozoa usually 
consisted of tubes of SerptUa sp., BcUanus sp. One of the two cast its 
shell on 19th October 1903, and a drawing has been made from the cast 
shell (fig. 73, pi. iv.). It lived until May 1904. The other lobster did 
not cast, but remained covered with seaweed during the winter ; it also 
was found dead in May 1904. 

Body Fluid. 

The body fluid of the lobster is richly albuminous. It is colourless 
when fresh, but soon congeals on exposure to air to a clear jelly with a 
slightly blown tint Alcohol (94 per cent.) causes the blood to 
coagulate at once. 

Dissection. — Examination of the Ovary. 

Almost without exception, the ovaries of the lobsters examined, 
measuring 9 inches and over in total length, were found to contain eggs as 
large, or nearly as large, as ripe eggs. When the eggs are large, yolked, and 
approaching ripeness the ovary is black in colour ; the eggs themselves 
are black, although the yolk is really a very dark-green colour. The 
ovary turns red in alcohol. 

The lobsters were broadly distinguished as (a) beriied, (b) lobsters 
which had lately hatched their eggs, (c) soft. 

(a) Berried Hens. 

(1) December 21, 1904. — A lobster (fnim Dunbar) measured 
11^ inches in length. The shell was clean. The external eggs were black, 
showing no pink-coloured part, simply a light-green formative part. The 
eggs were evidently early. The ovary was white, but contained green 
eggs measuring *4 and '5 mm. The smaller green eggs contained simply a 
core of green yolk, surrounded by a periphery of white yolk (by trans- 
mitted l^ht). The oviducts were filled with a greenish fluid. 

(2) February 19, 1905. — In a lobster (from Dunbar) the external eggs 
were well advanced ; the pink area was about one-fifth of the whole egg. 
The ovary was large and black in coloon. 
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(b) Lobdera which were not carrying eggs, biU which had hatched 
their eggs in the summer preceding the date of examination, 

(1) December 2, 1902. — Lobster 10 inches long. The shell Mras dirty, 
encrusted with Serptda sp. Tlie ovarian eggs were large, black, oval in 
shape, measuring 1-6 x 1*3 : 1*4 x 1*3 : 1*35 x 1*3 : 1*45 x l*3mm. 
There were also rows of white eggs between the large eggs. The ovary is 
mottled here and there on the surface with yellow bodies, which appear 
to be fat masses. 

(2) December 1, 1902. — The ovary of another adult was all over 
externally of a uniform dull black colour. 

(3) December 28, 1902. — A lobster measuring 10| inches in total 
lei^h had been two days in formaline before it was examined. The 
ovaries were large, black, with a tinge of green. There were some white 
and some yellow small eggs scattered over the surface between the large 
eggs. The large black eggs measured 1*45 x 1*35 : 1*32 x l*3mm. 
They were polygonal in shape, and stood out boss-like on the surface of 
the ovary. The smallest yolked eggs were white, the intermediate in 
size yellow ; even some very large eggs were yellow. The yellow colour 
was probably due to the introduction of the green yolk into the white eggs. 
From the burst eggs it was seen that the yolk consisted of minute green 
corpuscles, and also a large quantity of colourless fat corpuscles. The 
chorion of the egg is very thin and easily ruptures. There were a few 
small eggs yellowish white in colour measuring '8 x '65mm. The 
yellow bodies in the ovary measured about 1 x *85mm. The outer 
skin of the ovary is very thin. 

(c) Soft Lobsters, 

(1) A lobster that hatched its eggs in the summer of 1903 cast its 
shell and died during July 1904. It api)eared to be well nourished. 
The ovary was large ; the eggs measured 1'75 x 1*4 : 1*7 : 1*65 x 1*4 : 
l*5mm., &c. They were irregular in shape and very soft. A portion 
of the ovary was cut out and flicked about in sea-water with a camel-hair 
brush, and the eggs separated easily from the foUicular tissue, in which 
were the yellow bodies noticed above. 

(2) A lobster that hatched its eggs in the summer of 1904 cast its 
shell in September 1904. It was killed by the other lobsters. The 
ovary was large, dark-green in colour, and friable ; the eggs readily 
detached themselves from the delicate follicular membrane. They were 
irregular in shape, and measured 1*35 x 1*15 : 1*15 : 1*9 x 1*5 : 1*4 x 
1-35: 1-35 X 1-25: l*3mm. 

(2-4) Three others which hatched their eggs in 1904 cast and died in 
October 1904. In each the ovary was large and the eggs apparently ripe. 

(5) Another hatcher of 1904 stock was found dead on October 23rd 
1904. The ovary was large and full, each egg being sharply separated 
off from the others. When viewed with a lens the £furface of the ovary had 
a honeycomb appearance. The eggs separate readily from the follicular 
tissue. 

(6) A sixth of this lot was found dead on November 16th 1904. The 
ovary was large, black, with apparently ripe eggs. 

(7) A 1902 hatcher cast in 1903 and also in July 1904; it died 
immediately after casting. The ovary was to all appearance ripe. 

(8) Another 1902 hatcher cast in 1903 and lived till August 1904, 
when it was killed. On dissection it was found to be in apparently good 
condition. The ovaries were large, and the eggs appeared to be ready for 
spawning. 
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(9) A third specimen of the 1902 stock which had cast in 1903 was 
kept until February 17th 1905, when it was found dead. The orary was 
iai^e and black. The eggs appeared to be ripe, and had at one pole a 
clear green cap. 

(10) The last survivor of the 1902 lot died on April 2nd 1905. It 
had cast in 1903 and also in 1904. The ovary was large, black; but 
otherwise the lobster appeared to be poorly nourished. 

Habd Lobstbb. 

A lobster which was not berried when captured was dissected on 
December 1st 1903. It measured 11 inches in length. The shell was 
clean, black. The ovary was black. The eggs were yolked, but only 
about half the diameter of ripe eggs. The eggs separated fairly freely, and 
measured 1 x '8 : '72 x '65 : 1 x '9mm. These were black yolked eggs. 
There was also a considerable quantity of white ^^, all small and of 
various sizes; the largest of those noticed was oval, and measured 
•45 X 'Smm. 

Meek records a lobster measuring 11^ inches in length which hatched 
its eggs in the beginning of July and lived till September 12th 1901. 
The ovary was dark green, and was well developed. It exhibited no signs 
of preparation for casting. 

Spawning. 

Of all the adult female lobsters which have been kept at the Laboratory 
during the past three years, only one was known to have spawned. Some 
of those which were from time to time dissected had ovaries which were 
practically ripe. The lobsters were kept for longer or shorter intervals. 
One batch of females which were berried in 1902, and which hatched 
their eggs in the summer of that year, were represented at the Laboratory 
till April 1905. No member of this group showed any eggs attached 
externally. That they were not altogether unhealthy was shown by the 
fact that they nearly all moulted once, in two cases twice, during the 
period named. So it was with the other females ; they cast readily, but 
did not succeed in spawning, or, if they spawned, the eggs did not 
become attached. Moreover, none of those dissected had a spent ovary. 
In the case of the adult crabs some spawned, but in one or two of these 
only a few eggs became attached. 

The Idbster which became berried was received from Dunbar in 
December 1902, at which time it was not berried. It cast its shell on 
September 2nd 1903. On January 13th 1904, when it was examined, it 
was not berried, but on July 14th a small quantity of eprgs were found 
attached to the swimmerets. The eggs were early and apparently just 
spawned ; they were dark-green with a clear granular area on one side. 
This lobster was not with a male lobster when it spawned. On October 
21st 1904 there were only two eggs remaining attached, and when it 
was examined on November 19 th 1904 the remaining two had dis- 
appeared. 

As to the time when spawning takes place, Ehrenbaum gives the 
period covering July, August, and probably September. FuUarton 
obtained lobsters with very early eggs — yolk nnaegmented — ^between 
July 18th and August 25th. Herrick says, for the American lobster, that 
the definite spawning season is the summer, July and August, but that a 
minority extrude their eggs in the faU and winter, if not also in the 
spring. Allen obtained females with freshly extruded eggs during the 
latter half of July. Appell6f agrees with the period announced by 
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Ehrenbaum, but extends it to the middle of October. Meek found newly- 
spawned lobsters in July and August. The lobster which spawned during 
Cunningham's experiments in Cornwall did so in October, and Scott's 
specimen extruded its eggs during the same month at Piel Laboratory. 

There is thus indicated an extended spawning season, including the 
months of July, August, September, and October. It may be that there 
are here two distinct groups of spawneis — summer and autumn spawners — 
the first including lobsters that were not berried during the winter 
immediately preceding, while the autumn spawners are those which were 
berried during the winter, hatched their eggs in the summer, and extruded 
another batch of eggs in the autumn. 

The question whether or not the European lobster may carry external 
eggs two years in succession does not s^se, Cunningham's observation, 
confirmed later by Scott's description of the process, having demonstrated 
that possibility. As for the American lobster, Herrick maintains, in a 
later work, the position taken by him on this question in 1895. He 
founds his contention that the American lobster does not carry eggs 
externally two years in succession on the condition of the ovary in various 
lobsters which had lately hatched the eggs. He maintains that the ovary 
requires two years to develop to ripeness. 

The factors which determine the spawning of the lobster are obscure. 
It is remtgrkable that only one lobster spawned in the Laboratory, 
although in several cases the ovaries of specimens which were dissected 
were apparently ripe. The rate of development of the ovary is dependent 
on some factor that is not apparent. The ovaries referred to would 
probably have been completely ripe in a short time. The complete 
ripening seemed to be inhibited by some influence, which might have 
been the absence or insufficiency of male lobsters. Even where a male 
lobster was present with the female spawning did not take place, and 
when the one lobster spawned no male was present. Otherwise the 
lobsters, it may be inferred, were under comparatively suitable conditions, 
for there was an uniformity shown in their history while in confinement. 
Moulting was common. What is the reason for the abstention from 
spawning t The artificially-supplied food may have induced growth 
rather than reproduction. 

The lobster may spawn the same year in which it has cast its shell. 
Trybom's experiments* in labelling lobsters in order to determine their 
migrations indicated two females, measuring 8| inches long, liberated in 
June, had in November cast their shells and spawned 3 they then measured 
a little over 9 inches in length. 

The actual modus of spawning has been described by Coste, Scott, and 
others. 

Ehrenbaum describes a condition of the lobster which follows when a 
ripe lobster has been prevented from spawning. The eggs are absorbed 
and the blood becomes dark green or black in colour. The dark blood 
shows through at certain parts of the body and the lobster is known as a 
black lobster. Lobsters in this condition are found among those con- 
fined in floating boxes. The ovaries are much reduced in size, and the 
majority of the eggs have lost the green yolk, and have become of a 
yellowish colour. 

The Ripe Egg and the Formation of the Perivitdline Space, 

The ripe egg, newly spawned, was measured by Scott and found to be 
I'Smm. in diameter. 

""Fuh Tradet QaudJU^ July 30, 1904. 
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During the examination of the ovaries of the lobster no case was found 
in which the eggs showed a perivitelline space when in the ovary. Large 
ovarian eggs, however, as a rale, develop a perivitelline space if left some 
time in sea- water. A lobster that cast on July 9th 1904 died five days 
later. The ovarian eggs measured 1*75 x 1*4: 1*7: 1*65 x 1*4: l'5mm. 
The eggs were teazed out in sea-water and two or three hours afterwards 
showed considerable perivitelline spaces. The space usually shows more 
on one side than on the other ; it is clear and colourless. 

A lobster that hatched its eggs in the summer of 1904 and cast 
immediately afterwards was dead on October 23rd 1904. Some ovarian 
eggs were separated and put into sea-water. An hour afterwards the 
^S&y ^^ ™<^3^ cases, showed a more«or less well-marked perivitelline space. 
Next morning the eggs kept in the sea-water overnight had very large 
perivitelline spaces. The eggs were yellow — dead. 

The egg of the lobster has two envelopes : — (1) Outside — the chorion. 
(2) Within the chorion, and closely applied to the egg — the vitelline 
membrane. This envelope is well seen sometimes when a perivitelline 
space has been developed in sea-water. 

The External Eggs. 

When the ^gs are just spawned they are of a deep greenish black 
in colour, with a Iktle clear area at one pole. As development proceeds, 
the clear area becomes pink in colour, and by the month of October in 
some lobsters the future limbs and the black pigmented eyes were already 
made out. The transparent pink area steadily grows larger at the 
expense of the black yolk, until, when the eggs are nearly ready to hatch, 
the black yolk may be reduced to half, or even much less, of the mass of 
the egg. The black yolk occupies the cephalic and gastric regions in the 
larva. 

The external eggs measured on May 17th were of the following 
dimensions:— 22 x 2: 215 x 21: 21 x 2 05: 225 x 195: 225 x 
2: 215 X 2: 21: 21: 195 x 1*9: l-95mm. The eggs are, for the 
most part, oval. They were well developed, the pink area being about 
one-fifth of the whole mass of the egg. In some of the eggs examined in 
June the black yolk had disappeared ; most of the eggs showed a large 
mass of black yolk. 

When ready to hatch, the eggs are of various colours, viz. transparent 
pink, transparent blue, transparent green, except for the black area 
which marks the yet unused- up yolk. The largest eggs show the least 
black area; in them the black has practically disappeared. The ^gs 
increase greatly in size before hatching, and at that time it is difficult to 
dissect them off the swimmerets without rupturing the zona radiata. 
The following measurements of various eggs were made in August 1902; 
the eggs were, as a rule, distinctly oval in shape : — 

Pink egg,* 2-5mm.; pink eggs, 28 x 195: 24 x 2*15: 2-35 x 
2*25mm. 

Egg, blue and yellow, 25 x 245: ♦S^ x 255: ♦2-9 x 2-4mm. 

Egg, deep blue, 235 x 2-3mra. 

Egg, red, 2-05 x 1-9: ♦29 ^ 2-6: ♦315 x 28: 2*8 x 2-6mm. 

In the last egg the heart of the embiyo was seen beating. 

The Nwnher of Exteimal Eggs, 

Buckland calculated the number of eggs borne by a female. He first 
counted the number on one foot and from that deduced the total. 
This was 24,960 eggs. Ehrenbaum found that the larger the 
• Zona ruptured. 
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lobster the larger the number of eggs which it carried. A lobster 10 
inches long had 8000 eggs, while one 15 inches in length bore 32,000. 
Herriok found in the American lobster that the number of eggs varied 
from 3000 to 70,000. The eggs of two lobsters were estimated at the 
Laboratory in the following manner: — They were snipped off the 
swimmerets and dried in a water-bath. A small portion was detached 
and weighed, the number of eggs in it was counted, and the total 
number was got from the total weight. One measuring 11^ inches in length, 
11,300 eggs, while the other, 12^ inches long, had the same number. 

It is remarkable that so small a number of fry was obtained from the 
parent lobsters kept in the Bay of Nigg. This is partly accounted for 
from the fact that a greater or less quantity of the eggs is lost when the 
berried hens are handled, and during transport. This does not, however, 
seem sufficient to account for the whole of the shortage. 

Hatching. 

Hatching occurred at the Laboratory during July, August, and Sep- 
tember. The earliest larvs appeared about the middle of July, the 
majority hatched in August, and a few in September. 

According to Coste* hatching takes place in March, April, and May. 
Allen records that hatching took place in one instance in March. Fabre- 
Domergue, and Bi^trixt observed the hatching of the lobster, and 
describe the process in detail. The larvaB issue early in the night. 

The whole brood of any one female does not hatch out at once, but 
over a period, the larvae issuing in two or more batches {vide Costs, Herrick, 
and Fullarton). The incubation period, according to Ehrenbaum, Herrick, 
and Fullarton, is about eleven months. During an incubation period so 
extended it is to be expected that a certain variation will have occurred 
in the point of development reached by different eggs. This would result 
in spreading the hatching of the eggs over a period which probably does 
not usually exceed a fortnight or three weeks. The first larval lobsters 
were observed on July lltb, and one of the females was found to have 
hatched all her eggs on August 2nd. The larvte usually appeared in 
the morning. 

Mbasuremsnts of thb Lobsteb. 

Occasionally lobsters are measured by the length of their barrels, i.e. of 
the carapace, from the extremity of the rostrum to the hind border. In 
several cases the relation between the total length and the length of the 
barrel has been noted, and the data are entered below. 



Total Length of Lobster. 


Length of Barrel. 


$ 9| inches. 


4^ inches. 


$ m .. 


4§ „ 


$ 11 „ 


4| » 


$ Hi » 


6tV » 


12i „ 


H ,, 


6 13 


4 ,< 



* Vide Buckland. 

t Fith Trades GutetU^ Sept. 26, 1903. 
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LIST OF LETTEHS AND FIGURES USED. 

I., la., II., IIL, " IV."=Fir8t to " Fourth " Zoea Stages. 

1, 2, 3, 4, 5, 6, 7= Joints of limb, viz. (1) Coxopodite, (2) Basipodite, 
(3) Ischiopodite, (4) Meropodite, (5) Carpopodite, (6) Propodite, (7) Dactylopodite. 



a. — Antcnnule. 
A. — Antenna. 
ab. — Abdomen, 
en. — Endopodite. 
ep. — Epipodite. 
ea:.— Exopodite. 
Ir. — Labmm. 
Im. — First maxilla. 



2m, — Second maxilla. 

Mn. — Mandible. 

mp. — Maxillipede. 

o. — Eye. 

1-5 per. —First-Fifth Pereiopods. 

P/€0.— Pleopod. 

r.— Telson. 

T*.— Thorax. 



Digitized by 



Google 



106 PaH III— Twenty-third Annual Bspart 

EXPLANATION OF PLATES. 

PLATE I. 

All the Figures are of the First ZoSa. 

Fig. 1. Antenna and antennule, . . . . . . x 47 

Fig. 2. Antenaule, . . , . . . . . x 67 

Fig. 3. Labrum, . . . . . . . . x 62 

Fig. 4. Eye and rostrum, . . . . . . . x 33 

Fig. 5. Mandible, . . . . . . . . x 33 

Fig. 6. Cutting edge of mandible, . . . . . x 120 

Fig. 7. First maxiUipede, . . . . . . x 62 

Fig. 8. Third maxillipede, . . . . . x 38 

Fig. 9. Second maxilla, . . . . . x 57 

Fig. 10. Palp (?) of first maxillipede, . x 176 

Fig. 11. First pereiopod (chela), . . . . • . . x 19 

Fig. 12. First protopodite joint and gills of the second pereiopod, . x 62 

Fig. 13. Third pereiopod, . . . . . . x 19 

Fig. 14. Epipodite of second maxillipede, . . . x 220 

Fig. 15. First protopodite joints ana gills of the second pereiopod, . x 62 

Fig. 16. Third maxillipede, . . . . . . . x 33 

Fig. 17. Propodito and dactylopodite joints of the third pereiopod, . x 62 

Fig. 18. Palp of mandible, . . . . . . . x 120 

Fig. 19. Protopodite of the second maxillipede, . . . . x 62 

Fig. 20. Propodito and dactylopodite joints of the chela (first pereiopod), . x 62 

Fig. 21. Propodito and dactylopodite joints of the seoond pereiopod. 

Fig. 22. Second pereiopod, . . . . . . . x 19 

Fig. 23. Edge of endopodite of the first maxillipede, • . . x 175 

Fig. 24. Fli^ellum of antenna, . . . . . . x 57 

Fig. 25. First protopodite joint of the third pereiopod, . . . x 62 

Fig. 26. First protopodite joint of the third pereiopod (second view), . x 62 

Fig. 27. First maxilla, . . . . . x 62 

Fig. 28. Protopodite of the chela (first pereio)K)d), . . . . x 83 

Fig. 29. Second maxillipede, . . . . . . x 33 

PLATE IL 

Fig. 30. Abdomen, zo@a, first stage, ventral view, gf=gang]ion, . . x 19 

Fig. 81. Abdomen, 2nd and 3rd joints, zo^, first stage, side view, . x 44 

Fig. 82. Abdomen, 2nd and 3rd joints, zoSa, stage la, side view, . . x 19 

Fig. 38. Abdomen, 5th joint, zola, seoond stage, ventral view, . . x 19 
Fig. 34. Propodito and dactylopodite joints of the fourth pereiopod, zoea 

first stage, . . . . . . . x 62 

Fig. 85. Telson, zo^, third stage, ventral view, . . . x 19 

Fig. 36. Cast 4th pleopod of zoIei, third stage, . . . . x 33 

Fig. 87. Abdomen, 8ra and 4th joints, zo^, third stage, . . . x 19 
Fig. 38. Protopodite joints of first pereiopod, zoto, ** fourth" stage, 

2a + 26= 2nd protopodite joint, . . . . x 83 
Fig. 39. Protopodite joints of second pereiopod, zo^, ** fourth " stage, magnified. 

Fig. 40. First protopodite joint of fourth pereiopod, zoea, first stage, magnified. 

'Fig. 41. Setffi of hind border of telson, zoea, first stage, . . magnified. 

Fig. 42. Fifth pereiopod, zo^a, first stage, . . . . . x 19 
Fig. 48. First pereiopod, zo6a, "fourth " stage. 
Fig. 44. Protopodite joints, first (1), second (2a + 26), en = endopodite, 

ex =exopodite, zoea, "fourth" stage, . . . x 88 

Fig. 45. Protopodite, first joint, fifth pereiopod, zoea, first stage, . . x 62 

Fig. 46. Telson, zo^, la stage, . . . . . • x 19 

Fig. 47. Abdomen, side view, zoea, first stage, . . . . x 15 

Fig. 48. Telson, zoSa, second stage, a=anus, • . . . . x 19 
Fig. 49. Side of thorax, zoto, first stage, showing the arrangement of the 

gills. 
Fig. 50. Abdomen, zoea, first stage, dorsal aspect. 

Fig. 61. Third pleopod, zoSa, "fourth" stage, . . . . x 57 
Fig. 52. Propodito and dactylopodite joints of fifth pereiopod, zo6a, first 

stage, . . . . . . . . X 62 

Fig. 58. Fourth pereiopod, zoSa, first stage, . . . . x 19 

Fig. 54. First protopodite joint, fourth pereiopod, zo^, first stage, x 62 
Fig. 55. One of the serrated spines on propodite of fourth pereiopod, zoea, 

first stage. 

Pig. 56. Telson, zoSa, " fourth " stage, ventral view, . x U 
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PLATE III. 

Fig. 57. Telson, megalops. All the setse are not filled in, 

Fig. 58. Fracture end or fii'st pereiopod, mepilops. 

Fig. 59. Protopodite joints of first pereiopod, first young stage, 

Fig. 60. Protopodite joints of first pereiopod, first jonng stage (second 

view), .... 
Fig. 61. Fifth pereiopod (part oOi megalops, 
Fig. 62. Second pereiopod (part of)> megalops, 
Fig. 68. Telson, megalops, side view, 
Fig. 64. Telson, first young stage, dorsal view. 
Fig. 65. First pereiopod, first young stage, 
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PLATE IV. 

Fig. 66. Zo^, first stage, 

Fig. 67. Zo^, la stage. 

Fig. 68. Zoea, second stage, 

Fig. 69. Zoea, third stage, . 

Fig. 70. First young sti^^e, . 

Fig. 71. Zoea, *' fourth" stage. 

Fig. 72. Megalops, . 

Fig. 73. Adult lobster covered with growth of seaweeds, mussels, &c.. 
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111.— OBSERVATIONS ON SOME PARASITES OF FISHES 
NEW OR RARE IN SCOTTISH WATERS. 

By Thomas Scott, LL.D., F.L.S., Ac. 

Plates V. and VI. 



In Part III. of the Twenty-second Annual Report of the Fishery Board 
for Scotland, I published a small paper on some parasites of fishes new to 
the Scottish marine fauna. Since t^e issue of that paper several other 
rare and interesting species have been examined, and these I now propose 
to describe. 

The species to be described belong for the most part to the Copepoda ; 
but there are also five species belonging to the Trematoda. As these 
parasitic Copepoda and Trematoda are quite distinct groups, my observa- 
tions on them are, as in the previous paper, divided into two parts, viz.. 
Part I. Copepoda parasita, and Part II. Trematoda. 

I have been indebted for several of the species described here to Dr. 
H. C. Wiliiamson; Mr. Bowman and Mr. Irvine have also obtained a 
few interesting species for me. Canon A M. Norman has also allowed 
me the privilege to examine one or two rare Copepoda in his collection, 
'sent to him many years ago from the Moray Firth by the late Thomsis 
Edward of BanflF. 

My son, Andrew Scott, A.L.S., has prepared the drawings which 
illustrate this paper. 

PART I.— COPEPODA PARASITA. 

Family Ergabilid^ 
Grenus Bomolockvs, Nordmann (1832). 

Bomolochus aokcBj Claus. 

This species of Bomoloch'us has quite recently been obtained in the 
nostrils of Gadus Itiscus, which adds another to the number of fishes now 
known to harbour these Copepods in their nostrils. It was in the nostrils 
of Cydqptertis lumpus that the first specimens were observed, early in 
1900, but soon afterwards they were obtained in the nostrils of some other 
fishes, and notably in those of the cod Oadus marhtta, where they appear 
to be of quite frequent occurrence. The fishes in whose nostrils the 
copepods have been most commonly obtained are those belonging to the 
gadidse. The following are the names of the fishes :— Cydopterua lumpm 
L., the Lumpsucker. Oadtis marrhua L., the Cod-fish. Gadus ceglefinus 
L., the Haddock. Gadus merlangtts L., the Whiting. Gadus Itiscus L., 
the Brassie. Gadus pdlachius L., the Lythe. Mdua mdva L., the 
Ling. Pleuronectes platessa L., the Plaice, and Pleuronectes flesus L., 
the Flounder. Bomolochus sdece was first found on the back of the 
common Sole— ^SMea vidgaris, Quen. 
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Fam. Caliqidjb. 
Genus Caligus, 0. F. Muller (1785). 

*Cal%gu8 abbreviattUf Kroyer. PI. v., figs. 1-6. 

1863. Calf'gus abbreviatus, Kr., Bidrag til Kuiidskab om 
Synltekrebsene; Naturh. Tidsskr., 2R., 2B., p. 61, pi. iii., 
&g. 3, a-k. 

Description of the Female. — The Female represented by the drawing, 
(fig. 1) measures 5mm. (\ of an inch). The cephalic shield is nearly 
circular in outline, but is rather widest behind the middle; the width of 
the frontal plate is scarcely half the width of the cephalic shield at the 
widest part ; lunulee very clearly defined. Abdomen and furcal joints 
very short, as represented in the drawing. 

The abtennules have the basal joints robust and broadly sub-triangular, 
but the end joints are long and narrow (fig. 3). 

The second maxillipeds are robust, and form powerful grasping organs 
(fig. 5). 

The sternal fork, which is moderately stout, and the branches of which 
are not greatly divergent, has a resemblance to the same appendage in 
LepeophtJieirw TJiampsani, Baird (fig. 4). 

The fourth pair of thoracic legs are elongated; the basal joint is 
moderately stout and one-branched ; this branch is slender and composed 
of two joints, and the end-joint is about twice the length of the first, and 
is armed wiUi a long, slender and claw-like terminal spine and a short 
spine near the distal end of the outer margin; the first joint is also 
furnished with a spine on the outer distal angle (fig. 6). 

Habiiat. — On a Ballan Wrass, Labrus bergylta, captured in the Moray 
Firth in October 1904, and on another fish of the same species captured 
in the North Sea. Kroyer also obtained his specimens of the Ccdigus on 
the Ballan Wrass. 

A young specimen representing the Chalimus stage of this CdliguB is 
represented by figure 2, and was obtained along with the adult form. In 
this specimen the siphon is still present, showing a somewhat dilated 
and biarticalated base ; the antennules are composed of two short subequal 
joints, the cephalic shield is elongate-ovate in outline, and the abdomen 
is very short. The frontal plate slopes posteriorly, and the development 
of the lunulfB is considerably advanced. 

CcUiguB minimtis, A. W. Otto. 

1828. Caligus minimust Otto, Nova Acta Acad. Cns. Leop., 

vol. xiv., p. 354, pi. xxiL, fig. 7. 
1840. Caligus mmutua, M. Edw., Hist. Nat. Crust, vol. iii, 

p. 450. 
1901. Caligus minimtu^ A. Scott, Trans. Liverpool Biol. Soc., 

vol. XV., p. 349, pi. i., figs. 1-8. 

Habitat — On a Bass, Ldbrax lupus^ captured above Queensferry on 
February 4, 1903. This appears to be the first record of G. minimus 
for the Forth district. 

* This speoiet closely resembles, and is probably identical with, OaHffus cmtrodtmH. 
Baird. (<y. Brit. Entom., p. 272-3, Tab. xxxli, figs. 6, 7.) 

H 
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Genus PieudocaXigus, A. Scott (1901X 

PseudoealigtbB brevipedis (Bassett-Smith). 

1896. Ccdigus brevipedis^ Bassett-Smith, Ann. and Mag. Nat. 

Hist. (6), vol. xviii., p. 11, pi. iii., fig. 1. 
1901. Peetbdocdligua brevipedis, A. Scott, Trans. Idverpool Biol. 

Soc., vol. XV., p. 350, pL ii., figs. 1-4. 

Habitat, — Found attached to the base of the tongue of a Three-bearded 
Rockling, Onoa trioirratus, captured at the mouth of the River Dee, 
Aberdeen, November 23, 1904. £ight specimens of a Bomolochus, 
probably B. onosi, were also found on the same fish adhering to the gills 
and gill-arches. 

Genus LepeoplUheirua, Nordmann (1 832). 

L&peophtheirua sturtonis, Kroyer. PL v., figs. 7-14. 

1837. LepeopMheirus stunonis, Kr., Tidsskrift, i.. Tab. vi., fig. 6. 

Description of the female. — The female of this species has a general 
resemblance to that of Caligus diapTumus, Nordmann, but is much larger, 
being fully half an inch in length (about 14mm.). 

The cephalic shield is nearly circular in outline, and the frontal plate, 
which is not very prominent, is without lunulse. 

The last thoracic segment is considerably shorter than the cephalic 
shield, and is only slightly longer than broad. 

Abdomen moderately narrow and elongated, being equal to nearly 
three-fourths the length of the last thoracic segment. Furcal joints very 
short (fig. 7). 

The baaal joints of the antennules are considerably dilated, and the 
end joints though short are also tolerably stout (fig. 8). 

Antennae robust and armed with a large and strong claw, the distal end 
of which is bent at nearly a right angle, as shown in the drawing (fig. 9). 

The mandibles resemble those of L, pectoraHs, O. F. Miiller. 

The basal-joint of the second maxillipeds is moderately stout and 
elongate, and armed with a short but strong terminal claw (fig. 11). 

The " palpi,'' though slightly dilated at the base, have the sides nearly 
parallel, and the two branches of the bifid extremity are tolerably 
elongated (fig. 10); the small appendage at the bases of the palpi bear 
each one moderately large spine and two small ones, as shown in the 
drawing. 

Sternal fork very stout and with triangularly divergent branches 
(fig. 12).» 

Fourth pair of thoracic legs stout, each with a single three-jointed branch; 
the outer distal angle of the first joint in each branch terminates in a 
small tooth, a stout spine springs from the outer distal angle of the 
second joint, while the end joint is armed with three terminal spines of 
varying lengths (fig. 13). 

The short furcal joints bear a few small apical setse or spines (fig. 1*4). 

Habitat. — ^Taken from a Sturgeon, Acipenser sturio, Linn., captured 
about 16 miles S.K by £. of Aberdeen, and landed at the Fish Market, 
Aberdeen, on December 29, 1904. I am indebted to Mr. Bowman, 
Aberdeen, for i\m addition to the marine copepod fauna of Scotland. 

* KrOyer in Natorh. Tidsskr. 1 Band (1887), PL vi., fig. 66, shows the ends of the 
branches of the sternal fork slightly bifid ; but the figure in Naturh. Tidsskr. 8 R.. 
2 B. (1863), PI. xvii, fig. 4, represents the sternal fork of another form bluntly pointed 
at the ends, and with whioii our fignre is identical. 
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FaH. DiOHlLISTIIDiB. 

Grenos Dichdeetium, J. F, Hermann (1804). 

Diehelegtium sturumis, Hermann. PI. v., figs. 17-24 ; pL vi, figs. 1-6. 

1804. Diehdeetium aturioniSy Herm., Mem. Aptdrologique, p. 

125, Tab. v., figs. 7-8. 
1837. Dichdesiium eturionis^ Kroyer, Naturh. Tidsskr., Ist B., 

p. 299, Tab. ii , figs. 5 and 5a (?). 

Description of the Female. — ^The length of the female represented by 
the drawing (pi. tL, fig. 1) is 17 '8mm (nearly f of an inch). Body 
elongated and narrow ; cephalic segment nearly as broad as long, widest 
behind the middle, sides angulated, truncate, and obscurely trilobed in 
front. Thoracic segments four, first and second subequal, length equal to 
about half the breadth, and narrowly rounded at the sides ; third seg- 
ment rather shorter than the one which follows, and each with a shallow 
transverse suture that divides it into two sHghtly unequal portions. 
Genital segment narrow, and about one and a half times the length of 
the one which immediately precedes it ; the ultimate segment ovate, small, 
being scarcely half the length of the genital segment. Furcal joints 
short. Ovisac long and slender (pi. vi., fig. 1). 

Antennules short, slender, and apparently composed of eight subequal 
joints (pi. v., fig. 17). 

AntenniB robust, extremities chelate, and forming powerful grasping 
organs (pi. v., fig. 18). 

The mandibles resemble those of Caligus or LepeoptJieirus very closely, 
but differ in having a stouter basal part, and in the long slender 
rod-like portion being only three-jointed, the last joint being coarsely 
serrated on the inner edge (pi. v., ^g, 20). 

Maxillae small, two-branched ; primary branch stout, tapering distally 
and furnished with two slender apical setse ; secondary branch very small 
(pi. v., fig. 21). 

The first maxiUipeds appear to be three-jointed. The first joint, 
which is large and tolerably dilated, is about as long as the next two 
combined; the distal end of the second joint is fringed with short 
bristles, and the end joint, which is very small, is furnished with a short 
terminal claw, and a few small marginal spines are shown in the drawing 
(pi. v., fig. 22). 

The second maxillipeds, short, very robust and strongly chelate (pi. v., 
fig. 23). 

The thoracic 1^ are short and stout. The first and second pairs are 
two-branched. The branches of the first are indistinctly two-jointed, and 
the outer branches are furnished with a small spine on the outer distal 
angle of the first joint, while the end-joint bears five moderately stout 
spines on its rounded extremity; the inner branches bear each two 
terminal spines (pL vi., fig. 3). The second pair are rather more dilated 
than the first, and both branches are similarly armed (pL vi., fig. 3). 

The fourth pair is composed of a single uniarticulate branch in the 
form of an elongated lamelliform plate which bears a few minute teeth 
round the distal end (pi. v., fig. 24). 

The male, which resembles the female, but is considerably smaller, 
being scarcely half an inch in length, and the genital segment is also 
proportionally shorter (pi. vl, fig. 2) ; there is also a difference in the 
second and fourth pairs of thoracic legs, as shown in the drawing (pi. 
vi., figs. 5 and 6). In other respects the male is very similar to Uie 
female. 
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Habitat, — Taken from a storgeoD, Adpemer sttMrio, captared about 
16 miles S.£. by E. of Aberdeen and brought into the Aberdeen Fish 
Market, December 29, 1904. The same species of Diehelestium has also 
been found by my son, Andrew Scott, on the gills of a sturgeon 
captured near Barrow-in-Furness, Lancashire. I am Indebted to Mr. 
Bowman of Aberdeen for this further addition to the marine copepod 
fauna of Scotland. 

The structure of the mouth organs, and especially of the mandibles, 
indicates a close relationship of Diclietestium with the Caligidie. 

Genus AntTiosoma, Leach (1816). 

Anthosoma crassum (Abilgaard). PI. y., figs. 15 and 16. 

1794. CcUigtis crassue, Abgd., M^m. de Ck)penhagen, Act, Soc. 

Nat. Havn. 
1837. Anthosoma Smiihi, Kroyer, Natuiji. Tidsskr., Ist B., p. 

295, Tab. ii., figs. 2 and 2a ($). 
1850. AnXhoaoma Smithi^ Baird, Brit. Entom., p. 296, pi. xxziiL, 

fig. 9. 
1861. AnthoBoma crassum^ Steenatmp and Liltken, Bidrag til 

Kundskab, p. 397, pL xxii., fig. 24 (d). 

This interesting species was foimd on a shark, supposed to be a 
Porbeagle shark, Lamna comuhioa^ captured off the coast of Scotland by 
one of the trawling steamers that make only short runs from Aberdeen. 
The steamer, which captured the shark in October 1904, is one of those 
belonging to Mr. Davidson, Aberdeen, and is locally known as a '' short 
tripper." Two specimens of the Anthosoma were obtained ; one of them 
is a female with ovisacs, the other, which is smaller, is probably a male. 
The drawings, figures 15 and 16 on plate v., represent a dorsal and 
ventral view of the female. This specimen measured about 15 millimetres 
exclusive of the ovisacs, and about 62 millimetres— nearly 2^ inches — ^to 
the extremity of these appendages. 

The female, which is tolerably elongated, appears, when seen jrom 
above to be of an ovate outline ; it is narrow in front, and a brownish 
homy shield, which gradually expands towards the posterior end, covers 
the head and a considerable portion of the thorax ; an obscure constric- 
tion marks the junction of the head with the thorax ; two large foliaoeous 
elytraform, circular plates, the inner margins of which partly overlap each 
other on tJie dorsal aspect, cover entirely the remaining portion of the 
thorax not covered by the dorsal shield, and also the abdomen and furcal 
joints. These plates are ornamented by numerous minute scattered 
punctures or depressions, as shown in the drawing (fig. 15V 

The antennules are short, slender, and compost of six joints which are 
very sparingly setiferous; but the antenn»— described by Baird as the 
first pair of footjaws — are strong and powerful ; they are longer than the 
antennules and composed of three joints, and armed with strong, terminal, 
hook-like claws. 

The first maxillipeds are slender and feeble, and appear to consist of 
three joints ; they are provided with a small, terminal, claw-like ^ine. 

The second maxillipeds are short, very stout and powerfully clawed. 

The thoracic legs are in the form of thin and broadly foliaceous plate, 
each having a distinct notch on the inner margin. 

The abdomen is short and the furcal joints narrow and moderately 
elongated, as in figure 16, which shows the ventral aspect of the 
specimen. 

The shield is of a chitinous texture, of a brownish colour on the sides, 
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bat merging into blackish brown along the middle and towards the 
proximal end ; the eljtraform plates and thoracic feet, which also appear 
to be chitinous, are whitish with a slight tinge of yellow. 

I am indebted to Mr. Irvine for the opportunity of examining and 
describing this interesting species. 

Drs. Steenstrup and Ltltken in the work referred to above give a 
series of excellent figures illustrative of the structure of the male of 
AntTiosoma^ and it would appear from the description and figures of these 
authors that the large f oliaceous and elytraform dorsal plates which cover 
the posterior part of the female are absent in the male. 

Fam. Lbrn^idjb* 
Genus PenneUa, Oken. 
Pennella JUosa (Linne). 

1754. Pennatula JHoeUf Linn., Syst. Nat. et, Amoen. Acad., vol. 

iv. 
1767. Pennatula JUoaOi Linn., Syst. Naturae, Ed. 12, vol. ii., pp. 

13-22. 
1870. Pennella Orthagorisci, E. P. Wright, Ann. and Mag., Nat. 

Hist. (4), vol. v., p. 42, pi. 1. 

The Rev. Canon A. M. Norman, to whom I am often indebted for 
information and help in Natural History research, has, with his usual 
kindness, permitted me to examine a specimen of this curious copepod 
parasite which he received many years ago from the late Thomas 
Edward of Banff, who found it on a short sunfish, Orthagoriscus Trwla, in 
the Moray Firth. The species is recorded in Smiles' Life of Edward, 
among the many other Natural History rarities mentioned at the end of 
that work, under the name of Pennella fibrosa, Linnseus in his 12th 
Edition of Systema NatursB, referring to the host of Pennella filosa^ says, 
'' Habitat in M. Mediterranei Xiphiis.'* 

Genus Lemoea, Linn6 (1767). 

Lemcea lusci, Bassett-Smith. PI. vL, fig. 18. 

1896. Lerncea lusei, Bassett-Smith, Ann. and Mag. Nat. Hist. 

(6), voL xviii., p. 13, pi. iv., fig. 6. 
1904. Lem(Ba lusci, T. Scott, 22nd F.B. Kept., Pt. III., p, 277. 

pi. xvii., fig. 12 and 13. 

A Lemcea apparently belonging to this species was found adhering to 
a small Oadus luscus sent to the Laboratory from the fish market at 
Aberdeen on January 12, 1905. The various species belonging to the 
genus Lemeea fix themselves to the gills or gill-arches of the fishes 
infested by tbem, but the specimen now recorded had its head buried 
in the flesh of the fish some distance behind the operculum, as shown in 
the drawing (fig. 18). This is the first example of the kind I have met 
with. 

FaM. CHONDRAOANTHIDiC. 

Genus Sphyrion, Cuvier (1830). 

Sphyrion lumpi^ Kroyer. 

1863. Lesteira lumpif Kr., Bidrag til Kundskab, Nat. Tidsskr., 
BR. 2 B., p. 325, Tab. xviii., fig. 5, a-g. 
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Sphyrion lumpi, T. Scott, 19th F.B. Kept., Pt. III., p. 128, vol. 
vii., fig. 13. 

A fine specimen, the most perfect I have seen of this curious species, 
was presented to me by Mr. Irvine of Aberdeen ; it was obtained by him 
on one of a number of catfishes, Anarrhicae luptts, landed at Aberdeen 
Fish Market from a Norwegian trawler. The fishes were captured in 
about 200 fathoms, and therefore beyond the limits of the Scottish area. 
An imperfect specimen was taken from a Lumpsncker captured in April 
1900 in the nets of the salmon fishers near the Laboratory at Bay of 
Nigg, Aberdeen, and is described and figured in Part III. of the 
Nineteenth Annual Report of the Fishery Board for Scotland. 

Genus Ohondracanthus, De la Roche (1811). 
Chondracanthus depressus, sp. n. PL vi., figs. 7-13. 

Description of the Female. — This species resembles in its general 
appearance the Chondracanthus fiur<B of the Long Rough Dab, Drepanop- 
setta platessoidesy but it is more depressed. The cephalon, which is sub- 
quadrangular, is scarcely as long as broad, the next two segments are also 
wide and very short, while thq last thoracic segment is distinctly con- 
stricted in the middle and very depressed ; it is broader in proportion to 
its length than the same segment in Chondi-acarUhtts flurca^ being about 
as broad as it is long. The postero-latend processes are somewhat narrow, 
cylindrical, and sigmoid, and curved inward so as to approach close to each 
other, and sometimes overlap (fig. 8). The abdomen is very short. 

The specimen represented by the drawing (fig. 7) measures about 5 mm. 
(1 of an inch), exclusive of the ovisacs, which are tolerably short and 
thick. 

The antennules are short and very robust ; they are simple in structure ; 
and the distal extremity, which appears to be obscurely jointed, bears 
scattered apical spinules (fig. 9). 

The antennse are somewhat similar to those of Chondracanthus cornutus. 

The mandibles, which are stout, moderately elongated, and strongly 
curved, taper gradually to the attenuated distal extremity ; they are each 
armed with a row of small but moderately stout denticles along each 
margin, as shown in the drawing (fig. 10). 

The first maxillipeds are greatly dilated at the base, and the terminal 
joint, which is also stout, tapers to a blunted apex, the internal margin 
is coarsely toothed on the distal half (fig. 11). 

Thoracic feet two pairs, short, stout, and bifid, or with two rudi- 
mentary branches ; both branches are stout, but the outer is shorter and 
scarcely so much dilated as the inner. Though the first pair are as robust 
as the second they are scarcely so long ; the two branches in both pairs are 
covered more or less with minute prickles, as shown in the drawings (figs. 
12 and 13). 

Habitat, — On the gills of the Flounder, Fleuroneetes flesus, captured in 
the Firth of Forth and St. Andrews Bay. 

This form differs from any of the species previously described by the 
very short anterior thoracic segments and by the last segment being 
depressed and of a broadly quadriform outline, as well as by the structure 
of the thoracic legs. 

A form which appears to be a variety of the species just described, and 
which has also been observed on the same kind of fi[sh, differs in being 
rather more elongated and less depressed. The antennules are larger, 
with a slightly different armature ; the two pairs of thoracic legs are also 
larger and more robust, and the inner branches more distinctly triangular 
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in outline. Only one or two specimens of this form have yet been 
observed, and as it resembles Chondracanthvs depresms in some respects 
I record it for the present as variety ohUmgus of that species (see figs. 
14-17, pi yi.). 

FaM. LERN^fiOPODIBA. 

Gen as BrachieUoy Cuvier (1817). 

BrachieUa trigke^ Claus 

1901. BrachieUa triglce, T. Scott, I9th F.B. Kept., Pt. III., 
p. 133, pi. vii., figs. 24-29. 

i3a2^t^a^.— Obtained on the gills of a Streaked Gurnard, Trigla lineatOy 
captured at Station VIII., Firth of Forth, in September, 1897, but only 
now recorded. The Forth is a new station for this species. 



PART II. 

On somb Sphoibs of Trbmatooa not previously rbsoordbd. 

The ecto-parasitic vermes of fishes are not uncommon, but as many of 
them, and especially of the Tromatoda, are of small size and more or less 
flattened, and as their colour approximates closely to that of the fishes on 
which they live, they are readily missed when the fishes are being 
examined. 

There is evidently a considerable variety of forms among these Tre- 
matodes. That some of them are elegant in outline as well as in structure 
is shown by the beautiful drawings in MM. van Beneden and Hesse's 
work, Reclierchee sur les Trematodes Marine, 

In the following notes I record a few curious forms exhibiting some 
peculiarities of structure which differ somewhat from those described in 
previous papers on these organisms, published in Part III. of the Annual 
Reports of the Fishery Board for Scotland for 1895, 1901, 1902, and 
1904. I also give at the end of the present paper a list of all the speciep 
recorded in these various Reports. 

TREMATODA. 

FaM. POLYSTOMATIDiE. ^ 

Genus PAyllocotyle, van Benden and Hesse (1863). 
Phyllocotyle gumardi, van Beneden and Hesse. PI. vi, figs. 19 and 20. 

1863 Phyllocotyle gumardi^ v. Ben. and Hesse, Rech. sur les 
Tr6m., p. 103, pi. x., fig. 1-7 (not Phyllocotyle gvmardiy T. 
Scott in Part III. of the 19th Report, p. 147, pi. viii, 
fig. 23). 

Under this name I record a species of Trematode found on the gills of 
specimens of the Grey Gurnard (Trigla gumardus^ Lin.) from the Moray 
Firth. 

The body of this Trematode is lanceolate, very flat, and moderately 
slender at the anterior end, but becomes wider posteriorly ; the distal end 
is rounded, and furnished on the ventral aspect with six marginal 
suckers of moderate size and of a rather complicated structure — tiiree 
on each margin ; an elongated process, slender and narrow, and with 
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parallel sides, springs from the rounded end ; this process is armed at the 
extremity with four hooked teeth, the two outer teeth are large and 
strong, with an expanded base, but the other two are smaller and more 
slender (Gg. 20). 

According to the authors of the Reeherches, this species when extended 
measures about 5 mm., but in the specimen represented by the drawing 
(pi. vL, fig. 19, of this paper), the body is considerably contracted in 
length, and is consequently wider, the peduncle at the posterior end, 
which when fully extended is very slender and narrow, is also shortened 
in the specimen figured. This peduncle is very f ragUe, and is therefore 
occasionally incomplete, and for that reason, and also because it can be 
folded back under the body of the animal, it may at times easily escape 
being noticed. 

Qenus Pledanoootyle, Diesing. 

Plectanoeotyle Loi^enzit, MonticellL 

1899. Plectanoeotyle Loremii, Monticelli, Di una nova Specie del 
genre Plectanoeotyle; AttL R. Acad, delli Sci. di Torino, 
vol. xxxiv., p. 1, pL 1 (separate copy). 

1901. Phyllocotyle gumardi, T. Scott, 19th F.B. Rept, Pt. III., 
p. 147, pi. viii , fig. 23. 

A Trematode recorded by me under the name of Phyllocotyle gumardi 
in the Nineteeth Annual Report of the Fishery Board for Scotland 
(1901), was afterwards recognised as belonging to a species described by 
Dr. F R. Sav. Monticelli two years previously under the name mentioned 
above. 

This Plectanoeotyle had been obtained by Dr. Lorenz some years before 
on a species of Gurnard, Trigla sp. The slender posterior peduncle, so 
characteristic of Phyllocotyle gumardi^ is apparently absent in Plectano- 
eotyle. The Scottish specimens from Trigla gumardus were examined 
by Dr. F. R. Sav. Monticelli, and recognised by him as belonging to the 
species he had described in 1899. 

As already pointed out, the peduncle in Phyllocotyle, being so slender 
and fragile, is easily damaged, and when it gets torn off or folded under 
the body, and when the body is shortened by contraction — a contingency 
not uncommon when fishes infested by the parasites are preserved in 
spirit or formaldehyde — the one Trematode may easily be mistaken 
for the other. 

Genus Microeotyle, van Beneden and Hesse (1863). 

Microcoiyle donavani, van Beneden and Hesse. PI. vi., fig. 21. 

1863. Mieroootyle donavani, v. Ben. and Hesse, Recherches, 
p. 114, pL xii., figs. 1-11. 

This species was found on the gills of a Ballan Wrasse (Labrus 
bergylta, Ascan.), obtained by Dr. H. C. Williamson in the Moray Firth 
on October 23, 1904, and also on a Ballan Wrasse captured in the 
North Sea by Mr. Bowman. 

The species is narrow and elongated, and at the posterior end there is 
a row of small suckers along each margin ; the number of suckers in each 
row appears to vary to a small extent. In the specimen represented by 
the drawing (fig. 21) the number in each row is about thirty-four. 

Microcotyle donavani does not appear to be a rare form ; the authors 
of the Bedherches state that it has been found in abundance on the 
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same species of Lahrue in the month of March. Several specimens were 
found on the gills of the Labrus from the Moray Firth and from the 
North Sea, but none were very perfect. This species of Mierocotyle is 
not only very slender, bat is also without consistence, and therefore 
easily injured. The length of the specimen represented by the drawing 
is 5*3mnL Figure 22 is a front view of one of the suckers seen under 
a moderately high magnification. 

Mierocotyle labracie, van Beneden and Hesse. PI. vi., fig. 21. 

1863. Mierocotyle labracis, v. Ben. and Hesse, Recherches, 
p. 112, pi. zii, figs. 12-18. 

This species has a general resemblance to M. donavani, but differs in 
possessing about double the number of suckers at the posterior end 
(fig. 21). The structure of the oesophagian bulb also differs in the two 
species. 

The length of the specimen represented by the drawing is about 7mm. 

Habitat, — On the gills of the Bass, Labrax lupus. I am indebted to 
my son for specimens of this species. 

Fam. Qyroiuctiud^. 

Genus Dipleetanumy Diesing (1858). 

Dipleclanum cBquanSf Diesing. PI. vi., fig. 24. 

1858. Diplectanum cequa/nSy Diesing, Revis. der Myzhelm., p. 77. 

1863. Diplectanum oequans, v. Ben. and Hesse, Recherches, 
p. 122, pi. xiii., figs. 9-22. 

This Trematode is common on the gills of the Bass, Lahrax lupus, but 
being very small it \a easily missed. The length of the specimen repre- 
sented by the drawing (fig. 24) is about 2mm. 

In Dipledanam cequans the head is armed with two moderately strong 
hooked spines on each side of a deeply concave cleft ; this cleft is occupied 
by a process thickly covered with minute prickles, as shown in the 
drawing. 

I am indebted to my son for this small but interesting species. 

The following is a Ust of species belonging to the Trematoda that have 
been described or recorded, and for^the most part figured, in Part III. of 
the Annual Reports of the Fishery Board for Scotland. The species now 
recorded are included in the list. The names are arranged in alphabetical 
order. 



Name of the Species. 



Acanthocotyle montieeUiif T. Scott, 
Anthocotyle merluedi, v. Ben. and Hesse, 
Cdllocotyle kroyeri, Diesing, 
Dadycotyle pdlachii, v. Ben. and Hesse, 
Diplectanum aequans, Diesing, - 
Epidella JUppoglossi, 0. F. Miiller, 
Heterocotyle pastinaca, T. Scott, - 



Annual Report where published, 

and Number of Plate where 

figured. 



20th Report ; PI. xiiL ; 1902. 
19th „ PI. vui. ; 1901. 



Present Report ; PL vi 
19th Report; no figure. 
22nd „ PI. xvu. : 1904. 
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Name of the Species. 



Microcotyle donaoani^ v. Ben. and Hesse, 

„ Idbracisy „ „ 

Octohothrium aloam (Hermann), - 
„ esmarkii, T. Scott, - 

„ harengi, v. Ben. and Hesse, 

„ scombri, Kuhn, 

„ merlangi, Kuhn, 

Onchocotyle appendicidata, Kuhn, 
Phyllocotyle gurnardi, v. Ben. and Hesse, 
PhylloneUa solew, „ „ 

*Plectanocotyle lorenzi, Monticelli, 
Pierocotyle morrhum, v. Ben. and Hesse, 

„ palmata, Leuckart, - 
Thaumatocotyle concinna, T. Scott, 
Tristoma mola^^ Blanchard - 
TrocJiopus lineatus, T, Scott, 
Udondla caligarum, Johnston, - 



Annual Report where published, 

and Number of Plate where 

figured. 



Present Report ; PI. vi. 
19th Report; PL viiL ; 1901. 

a » >i n 

„ „ No figure. 

.„ „ PL viii.; 1901. 

13th „ PL iv. ; 1895. 
19th „ PL viiL ; 1901. 
Present Repert ; PL vi. 
19th Report; PL viiL ; 1901. 



22nd 
19th 



99 
99 



99 
99 



PLxviL; 1904. 
PL viii ; 1901. 



99 
99 






♦Described in 1901 as Phyllocotyle gumardi. 



DESCRIPTION OF THE PLATES. 



PLATE V. 



Caligud abbrevkUus, Kroyer. 



Diam* 



Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 



1. Female, dorsal view 

2. Female, young . 

3. Antennule 

4. Sternal fork 

5. Secoud maxilliped 

6. Foot of fourth pair 



L^oeaphtheims sturionis, Kroyer. 



Fig. 7. Female, dorsal view 

Fig. 8. Antennule 

Fig. 9. Antenna . 

Fig. 10. One of the "palpi" 

Fig. 11. Second maxilliped 

Fig. 12. Sternal fork 

Fig. 13. Foot of fourth pair 

Fig. 14. Last segment of abdomen and furcal joints 



AvUho8oma eroMum, Abgld. 



Fig. 16. Female, dorsal view 
Fig. 16. Female, ventral view 
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Dichelestium sturionis, Hermann. 



Fig. 17. Antennule, female 

Fig. 18. Antenna, female . 

Fig. 19. Antenna, male 

Fig. 20. Mandible 

Fig. 21. Maxilla . 

Fig. 22. First maxiUiped, female 

Fig. 23. Second maxilliped, female 

Fig. 24. Foot of fourth pair, female 
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46. 


X 


17. 


X 


17. 


X 


60. 


X 


46. 


X 


23. 


X 


16. 


X 


28. 



PLATE VI. 
Dichelestium sturionisy Herm. 



Fig. 1. Female, dorsal view 

Fig. 2. Male, dorsal view 

Fig. 3. Foot of first pair, female 

Fig. 4. Foot of second pair, female 

Fig. 5. Foot of second pair, male 

Fig. 6. Foot of fourth pair, male 



Chondracanthus depressusj sp. n. 



Fig. 
BMg. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 



Fig. 
Fig. 
Fig. 
Fig. 



7. Female, dorsal view 

8. Posterior appendages of same 

9. Antennule 

10. Mandible. 

11. First maxilliped . 

12. Foot of first pair 

13. Foot of second pair 



Chondracanthus depressus, var. oUongus, 



14. Female, dorsal view 

15. Antennule 

16. Foot of first pair 

17. Foot of second pair 
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4-6. 


X 


4-6. 


X 


46. 


X 


46. 


X 


46. 


X 


24. 


Diam. 


X 


12. 


enlarged. 


X 


60. 


X 


260. 


X 


260. 


X 


55. 


X 


65. 


X 


12. 


X 


60. 


X 


65. 


X 


65. 



Leme(B luaci, Bassett-Smith. 
Fig. 18. Gadus lucus with parasite in situ 



reduced. 



Trematoda. 



Kg. 19. 
Fig. 20. 
Fig. 21. 



PhyllocGiyle gumardi, v. Ben. and Hesse 
Extremity oi peduncle of the same 
Microcotyle donavaniy v. Ben. and Hesse 
Fig. 22. The same—one of the posterior suckers 
Fig. 23. Microcotyle labracia, v. Ben. and Hesse 
Fig. 24. Diplecianum (xquanty Diesing . 
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IV.— REPORT ON THE OPERATIONS AT THE MARINE 
HATCHERT, BAY OF NIGG, ABERDEEN, IN 1904. By 
Dr. T. Wemyss Fulton, F.R.S.E., Superintendent of Scientific 
Investigations. 



During the season of 1904 the operations at the Marine Hatchery 
were continued in connection with the hatching of the ^gs of the plaice, 
as in previous years, and a number of lobsters were also dealt with. 
The hatching apparatus and the various ponds in connection with the 
establishment continue to perform the work for which they were 
intended in a satisfactory manner. An account of these and of the 
methods employed in the collection of the eggs and their treatment in 
the hatchery has been given in some of the previous reports, to which 
reference may be made for the detailed description. 

It need only be said here that the adult fishes which act as the brood 
stock are confined throughout the year in a large tidal pond, where 
they are regularly fed, almost entirely with common mussels, and that 
at the spawning-time the fertilised eggs, shed freely into the water, are 
collected daily, or almost daily, by means of a large net of mosquito 
netting, and are then transferred to the incubating apparatus in the 
hatchery. 

The duration of the period of development, until hatching takes 
place, varies according to the temperature of the water at the time ; 
the period is longer at the beginning of the spawning season, when the 
temperature is low, than towards the end of the season, when the 
temperature has risen considerably. At the beginning of the work in 
January the average time of incubation before the eggs hatch is about 
three weeks, while at the end of the season they hatch in about a fort- 
night. The larval fishes, after they are hatched from the eggs, are 
kept in the apparatus for several days until the yolk-sac is partly 
absorbed, and they are then transferred to the sea in appropriate ap- 
paratus. Experience has shown that the best results are got by 
liberating the fry before the yolk has been quite used up, and when 
they are able to feed for themselves. 

It is calculated that, taking the two periods together — the time of 
incubation and the period referred to after hatching — the eggs and 
larvse are protected in the apparatus for about half of the time from the 
spawning of the eggs to the transformation of the post-larval fish, i.e, 
to the adoption of the adult form and habit, after which, owing to the 
protection afforded by concealment in the sand, the natural mortality 
is, relatively speaking, small. 

In the season of 1904 the floating eggs were first observed in the 
water of the spawning pond about the middle of January, but they 
were few in numbers. The first collection was made on the 26th of 
that month, about the same date, that is, as in the preceding year. 
The last collection was made on the 29th April, or more than a fort- 
night earlier than in 1903. This is probably partly accounted for by 
the greater relative intensity of the spawning in the earlier part of the 
season in 1904, but it is also, no doubt, connected with the fact that 
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the number of the adult fishes furnishing eggs, and therefore of the 
eggs collected, was considerably under what it was in 1903. As pointed 
out in previous reports, a certain number of the plaice confined in the 
pond die each year, and this loss is ordinarily made up by a renewed 
supply of living adult fishes in the autumn, which are obtained from 
the trawlers employed for scientific purposes in Aberdeen Bay or the 
Moray Firth, the vessels being provided with large tubs for the 
collection of the fish, and a constant circulation of water maintained until 
port is reached. In the autumn and winter of 1903 the same practice 
was followed, but it was found that large adult plaice, suitable for the 
hatchery, were exceedingly and unusually scarce, and thus the stock in 
the pond was only partially replenished. 

The total number of eggs collected from the spawning p«nd through- 
out the season was 39,600,000, as compared with 65,940,000 in the 
previous year. Most of them, as is usually the case, were obtained in 
March, which is the chief spawning month of the plaice. The numbers 
collected in the various months, and the percentages on the total 
number, are given in the following table, which also contains for com- 
parison the corresponding monthly percentages for the previous season 
in 1903:— 





Number of Eggs 
Collected. 


Percentage, 
1904. 


Percentage, 
1903. 


January, 
February, 
March, - 
April, - 
May, - 


660,000 

10,320,000 

22,040,000 

6,580,000 


1-6 
26-1 
55-7 
16-4 


0-3 
180 
56-2 
24-1 

1-3 



It will thus be seen, as above indicated, that spawning was, on the 
whole, a little earlier in 1904 than in 1903, nearly 28 per cent, of the 
aggregate number of eggs being collected before March in the former 
year, as compared with 18 per cent, in the same period in the latter year. 

The estimated number of fry which were obtained from the eggs 
amounted to 34,780,000, and they were liberated in seven lots at 
various dates in March, April, and May, off Aberdeen Bay, a fishing 
yawl being employed for the purpose. 

Particulars as to the collection of eggs from the pond and the libera- 
tion of the fry will be found in the tables which are appended. 

The expense of the hatching operations as carried on at the Bay of 
Nigg is small, compared with the number of fry produced. This is 
owing to the fact that the hatchery is worked in conjunction with the 
Marine Laboratory, for which pumping operations are required 
throughout the year. The annual expenditure that may be ascribed to 
the hatching work is about XI 00, the principal items being the main- 
tenance of the apparatus, food for the fishes, and extra coals. 

The hatchery was visited by delegations of fishermen sent for instruc- 
tion by the County Councils of Aberdeenshire and Argyllshire, to whom 
a series of demonstrations was given. 
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TABLE I.— Showing the Daily Progress of the Hatching Operations, 
and the Temperature of the Water, during the Hatching 
Season 1904. 



Date. 


Number of 

Eggs 
CoUected. 


Number of 

Em 

foundDead 

in Boxes. 


Number of 

Fry 

put out. 


Total Stock 
in Boxes. 


Temperature 
of Water. 


Cent. 


Fahr. 


January 20 










6-9 


42-6 


21 










5-2 


41-4 


22 










6-0 


42-8 


23 










6-2 


41-4 


24 


... 


... 




... 


... 


... 


25 










3-8 


38-8 


26 


160,000 






160,000 


4-6 


40-3 


27 


200,000 


... 




360,000 


6-0 


42-8 


28 








860,000 


6-4 


417 


29 


800,000 


... 




660,000 




... 


80 




"* 




660,000 


5-4 


41-7 


81 








660,000 


6-6 


421 


February 1 


820,000 


46;ooo 




940,000 


5-4 


41-7 


2 


300,000 






1,240,000 


6-2 


41-4 


3 


240,000 


i26;ooo 




1,360,000 


4-8 


40-6 


4 








1,860,000 


4-6 


40-8 


5 


400,000 


140,000 




1,620,000 


6 


41-0 


6 


400,000 


... 




2,020,000 


4-4 


89-9 


7 


, 


... 




2,020,000 


... 




8 


520,000 


... 




2,540,000 


4-6 


40-'s 


9 








2,540,000 


5-2 


41-4 


10 


566",006 


180,000 




2,920,000 


4-8 


40-6 


11 


... 


... 




2,920,000 


5-0 


41-0 


12 




!!! 




2,920,000 


6-0 


41-0 


18 


840,000 


... 




8,760,000 


61 


48 


1^ 








8,760,000 


4-8 


40-6 


15 








8,760,000 


6-0 


42-8 


16 




200,000 




3,660,000 


5-6 


421 


17 


1,200,000 


... 




4,760,000 


5-3 


41-5 


18 


640,000 


... 




5,400,000 


... 


... 


19 




160,000 




5,240,000 


3-2 


87-8 


20 


560,000 


... 




5,800,000 


4-6 


40-3 


21 








6,800,000 


4-6 


40-8 


22 


766*,000 






6,560,000 


5-0 


41-0 


28 


1,000,000 


... 




7,560,000 


5-2 


41-4 


24 


840,000 


160,000 




8,240,000 


5-0 


41-0 


25 




... 




8,240,000 


4-8 


40*6 


26 


960,000 






9,200,000 


4-4 


39-9 


27 








9,200,000 


4-4 


39-9 


28 


786;000 


120,000 




9,860,000 


4-6 


40-3 


29 








9,860,000 


4*2 


39-6 


March 


1,120,000 






10,980,000 


4-4 


89*9 


2 








10,980,000 


5-0 


41-0 


8 


1,020,000 






12,000,000 


5-0 


410 


4 


... 


180,000 




11,820,000 


5-2 


41-4 


6 








11,820,000 


5-8 


42-4 


6 


., 






11,820,000 


3-6 


88-5 


7 


1,600,000 


220,000 




18,200,000 


3-8 


38-8 


8 


1,720,000 


... 




14,920,000 


4-8 


40-6 


9 


1,660,000 






16,680,000 


5-0 


41-0 


10 








16,680,000 


6-4 


43-5 


11 


1,200,000 


... 




17,780,000 


6-8 


44-2 


12 


1,400,000 


220,000 




18,960,000 


5-3 


41-6 


18 


800,000 


... 




19,760,000 


5-4 


41-7 


14 




... 




19,760,000 


6-2 


43-2 



Digitized by 



Google 



cf Hit Fishery Boa/rdfor Scotland. 

TABLE I.— continued. 



123 



Date. 


Number of 
Collected. 


Number of 

fonndDead 
in Boxes. 


Number of 

Fry 

put out. 


Total Stock 
in Boxes. 


Temperature 
of Water. 

1 


Cent. 


Fahr. 


March 15 

16 

17 

18 

„ 19 


880,000 

1,740,000 
840,000 


180,000 
240,000 


4,000,000 


16,640,000 
16,460,000 
16,460,000 
18,200,000 
18,800,000 


6-3 
6-8 
5-8 
7-0 
7-2 


43-3 
44*2 
42-4 
44-6 
44-9 


20 
21 
22 
28 
24 


1,060,000 

1,600,000 
860,000 


200^000 
140,000 




18,800,000 
19,860,000 
19,660,000 
21,260,000 
21,980,000 


6-8 
6-9 
6-8 
6-8 


44-2 
44-4 
44-2 
44-2 


26 
26 
27 
28 
29 


760,000 
1,100,000 

840,000 
1,200,000 


160,000 
800,000 


5,000,000 


17,580,000 
18,680,000 
18,680,000 
19,220,000 
20,420,000 


6-8 
5-8 
5-6 
5-2 
6-0 


42-4 
42*4 
421 
41-4 
42-8 


80 

81 

April 1 

M 2 

8 


640,000 
760,000 
680,000 


240,000 
220^000 


4,000,000 


20,820,000 
20,820,000 
17,580,000 
17,360,000 
18,040,000 


6-2 
7-4 
7-0 
5-8 


43-2 
45-3 
44-6 
42-4 


n 4 
ft 

7 
8 


1,000,000 

620,000 
480,000 


180,000 
220,000 


4,286,000 


17,860,000 
18,860,000 
18,860,000 
19,160,000 
16,360,000 


6-2 

7-8 
8-0 
8-4 
8-2 


43-2 
46-0 
46-4 
47-1 
46-8 


9 
10 
11 
12 
13 


680,000 
660,000 


800,000 
160,000 




16,040,000 
16,040,000 
16,300,000 
16,140,000 
16,140,000 


8-0 
7-6 
7-3 

7-4 


46-4 
45-7 
451 

46'3 


14 
16 
16 
17 
18 


440,000 
840,000 


160,000 


6,000.000 


16,580 000 
16,580,000 
10,400,000 
10,400,000 
11,240,000 


7-2 

7-5 
7-6 
8-2 
9-6 


44-9 
45-5 
45-7 
46-8 
49-8 


19 
20 
21 
22 
23 


400,000 


120,000 




11,240,000 
11,120,000 
11,120,000 
11,520,000 
11,520,000 


9-4 

7-8 
7-8 
7-6 
7-4 


48-9 
460 
46-0 
46-7 
46-8 


24 
26 
26 
27 
28 


200,000 


160,000 


7,066,000 


11,720,000 

11,560,000 

4,660,000 

4,560,000 

4,560,000 


8-0 
8-6 
8-0 
89 


46'4 
47-5 
46-4 
48-0 


29 
80 

8 


20,000 


80,000 


... 


4,500,000 


9-0 
10-0 

9-8 
9-2 


48*2 
50-0 

49^ 
48-6 


4 






4,600,000 


... 


9-2 


48-6 


ToUlt, 


89,600,000 


4,820,000 


34,780,000 
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TABLE II. — Sho¥dng particulars in connection with the 
Distribution of Fry. 



Date. 


liOcality. 


Temp, 
of the 
Water. 


Condition 
of Weather. 


EsUmated 
Number 
of Fry. 


Marohl5 
„ 26 

April 1 

M 8 

n 16 

„ 26 

May 7 


About li miles o£f Aberdeen Bay. 
II ^ II 11 i» 
II 1-t 11 II II 
1) ^ II II II 
»i If II II II 
II 2j „ ,, ,, 

II If »i n II 


C. 
6-2 

60 

6-6 
6-0 


Fine. 
II 
II 
II 
II 
II 
»i 


4,000,000 
5,000,000 
4,000,000 
4,2«0,000 
6,000.000 
7,000,000 
4,600,000 


84,780,000 
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v.— ZONES OF GROWTH IN THE SKELETAL STRUCTURES 
OF GADID.E AND PLEURONECTIDiE. By J. T. Cunning- 
HAM, M.A., F.Z.S. (Plates VII-IX.) 



Previous Investigations. 

The primary object of Reibisch's investigations was to ascertain what 
relations existed between the number of eggs produced by a plaice and its 
size or age, whether if the number of eggs varied, it depended on the size 
or on the age of the fish or on both. In describing his method of enume- 
rating the eggs to be shed in the following spawning season, Reibisch 
shows that he was not acquainted with my own paper on the develop- 
ment of the ovarian egg in Teleostei in general and Pleuronectidas in 
particular published iu the Quarterly Jownwl of Microscopical Science in 
1897. For he explains the opacity of the larger eggs in the ovary in 
August as due to oil-drops— ''durch die Aufnahme einer grossen Zahl 
kleiner fett tropfchen zu erklaren" — whereas I have shown that in 
Pleuronectes ova there are no oil-drops, but only yolk granules, while in 
the developing eggs of sole, mackerel, &c., both yolk granules and oil- 
drops are present and are easily distinguished from one another. 

Reibisch found great variations in the number of ripening eggs in 
plaice, and these numbers could not be brought into correspondence with 
either the weight or the length of the fish. He then found that the 
various numbers formed three principal groups, between which few or no 
numbers were found : thus there were large numbers of fish with eggs 
from 50,000 to 170,000, or from 220,000 to 270,000, but scarcely any 
fish whose number of eggs lay between 170,000 and 220,000. It seemed 
therefore probable that the groups of numbers corresponded to different 
ages, and Reibisch sought for a method of ascertaining the age of the fish. 

He rejects entirely the markings of the scales as indications of the age 
in the pUiice, stating that the lamination of the scale can be used for the 
purpose in view in the carp, but that this is impossible in the case of the 
plaice. The reasons he gives are that the presence of an annual lami- 
nation (Jahresschichtung) is scarcely to be demonstrated in the simple 
cycloid scales of the plaic9, and further, that in almost all regions of the 
latter there occurs a transformation of the cycloid to the ctenoid form. 
But he seems to have misunderstood Hoffbauer's work on the carp, for 
that author deduces the age, not from the lamellte, if such exists but from 
the varying distance between the concentric lines of the scale, and these 
also occur in the scales of plaice. I have shown by my observations, 
described below, that the distinction of the growth of successive years in 
the scales of the plaice, from the different intervals between the concentric 
lines, is not impossible. The remarks of Reibisch concerning the 
transformation of the scales into the ctenoid form in the plaice refers 
to the Baltic variety on which he worked, in which spinules on the scales 
are strongly developed, especially in adult males. But this does not affect 
the anterior embedded part of the scale, and I have not noticed spinules 
on the scales I have examined. The spinules are developed in adult males 
in the North Sea, but they are usually confined to limited portions of the 
I 
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skiD, and I have not met with spinolated scales hitherto among those I 
have examined for indications of age. 

Reibisoh therefore turned his attention, at Hensen's suggestion, to the 
otoliths. He describes the appearance of these structures as seen by 
transmitted light. He states that the first year's deposit consists of a 
very dark, i.e. opaque, nucleus or kernel ; this is surrounded by a narrow 
transparent ring, then follows a broad dark zone, which is again sur- 
rounded by a light zone, and this again is bounded by a dark contour. 
He states that the nucleus and the first clear ring with part of the dark 
zone are formed during pelagic life, the outer clear zone during the 
sojourn in shallow water near the coast, while the dark contour is formed 
only when the fish has migrated into deeper water, about January or 
February. It will be seen that my results agree closely with those of 
Reibisch, except in the last point, for I have not noticed that the dark 
zone of the second year had begun to appear in specimens collected in 
March and April, and it seems to me that it is formed in summer. 
Reibisch figures the otolith of a specimen 11 '5cm. long taken at the end 
of February, in which he believes the deposit of the second year had 
begun and was visible at the anterior and lower side of the otolith. He 
figures also an otolith from a specimen 16 '5cm. long taken at the end of 
February which similarly shows the beginning of the third year's deposit, 
and another from a specimen 23*5cm. which shows three complete years 
and the beginning of the fourth. This specimen was a ripe male taken 
on the 9th March, and the deposit of the fourth year in the figure is 
almost as wide in some parts as that of the third. It seems to me difficult 
to believe that this could have been formed in a few weeks, and more 
probable that it represents the whole deposit of the previous year, bo that 
the specimen was four years old. It is in cases of this kind that the 
difficulties of the method arise, and they can only be settled by ascertain- 
ing with certainty at what time of the year the boundary line between the 
annual zones is formed. Reibisch assumes that the new opaque deposit 
begins in January or February, while my own opinion at present is that 
it does not commence till much later. 

Reibisch concludes from his investigations that sexual maturity occurs 
always at the end of the third year, and that the reason why the fish are 
so dUQferent in size and weight at this period of life is that they were 
hatched at different periods of the same season. In my experiments on 
the rearing of flounders in captivity at Plymouth I also found that the 
minority began to spawn at the end of their third year, but a few were 
ripe at two years of age. 

Reibisch concludes that the darker layers in the deposit of one year 
in the otolith corresponds to the lower temperature of the water in which 
the plaice lives, and the more transparent layers to the warmer tempera- 
ture. He also states that the excretion of carbonate of lime is weaker in 
the first half of the year, when the temperature is low. According to his 
reasoning therefore, the more opaque layers are those in which the 
proportion of carbonate of lime is least, and these are formed at the time 
when the lower temperature of the surface penetrates to the deeper water, 
which is usually from January to March. The annual period indicated 
by a complete zone in the otolith would, on this view, coincide with the 
calendar year and commence in January. 

My conclusions, from my own observations so far as they have gone, 
are not in harmony with those of Reibisch on the above points. In the 
first place, it seems to me probable that the opacity would increase, not 
diminish, in proportion to the amount of carbonate of lime present : this 
is certainly the case in bone and calcified cartilage, and it is also the case 
in the scales, where the radiating and concentric lines heficeen the sclerites 



Digitized by 



Google 



of the Fishery Board for Scotland. 127 

are very transparent Secondly, I have not found that the external layers 
in the otoliths of plaice killed between November and April were dark 
opaque layers, but, on the contrary, in otoliths at this period the peri- 
pheral layers were of the more transparent kind. Thirdly, the conclusions 
of Reibisch seem to me to be in contradiction to the facts concerning the 
first or central region of the otolith, and Reibisch excludes the deposit 
of the first year from consideration on the ground fchat during this year 
the young fish are exposed to very varying conditions of whose influence 
on Uie organism we know next to nothing. I fail to see the force of this 
remark ; it seems to me we have as much ground for reasoning about the 
first year as about any other. Now, though the eggs are produced early in 
the year, when the water is cold, the young plaice do not complete their 
metamorphosis until May or June. The first specimens which I received 
this year from Dr. Fulton were caught at four to eight fathoms on May 10. 
In these the only part of the otolith formed was Uie central kernel, and 
apparently not the whole of that. Therefore, it is evident that the opaque 
portion of the first year's zone, outside the nucleus, is formed in summer, not 
in winter, in warm water, not in cold ; and the condition of the otolith 
with only the first year's zone, from fish caught in February or March, 
equally proves that the more transparent zone is formed in winter, not 
in summer. 

This interpretation might seriously affec); the conclusions of Reibisch 
concerning the age of the fish which he examined, as it seems probable 
that he has interpreted, in some cases, as the commencement of the fourth 
year's deposit, a zone which in reality represents a whole year of age. 
Thus fish which he has taken to be three years old might in reality have 
lived four years. 

Jenkins investigated the determination of age from the otoliths in 
herring and other Clupeidte. He finds that in the herring there are 
layers in the otolith as in the plaice, but with some differences. The 
central nucleus is always transparent, not opaque ; the opaque zones are 
much broader in proportion than in the plaice, and separated by very 
narrow transparent zones, which, according to Jenkins, are formed at the 
beginning of the new year. It would seem more probable that, as in the 
pUuce, these form the end of the year's deposit. Jenkins' paper is illus- 
trated by photographs of the object, in which the different zones are not 
always very distinct. The structure could, I believe, have been shown 
more satisfactorily by drawings. Jenkins finds that the herring of the 
Western Baltic have the following lengths at successive years of age : — 

1st year, ll-3-121cm. 

2nd „ 15-6-16*4cm. 

3rd „ 190-19-8cm. 

4th „ 21-7-22-5cm. 

5th „ 23-7-24-5cm. 

Jenkins rejects the conclusion held by nearly all naturalists who have 
investigated the herring, that two season-races can be distinguished, on 
the ground that ripe or nearly ripe or spent herrings can be found in 
the Western Baltic at all times of the year. 

He has misunderstood a statement which he quotes from myself, that 
two spawning periods have undoubtedly been observed in the same 
neighbourhood, stating that it is in contradiction to Heincke's assertion 
that herring spawn is never found twice in the year on the same spot 
There is really no contradiction. Anyone acquainted with the subject 
knows that spring or winter spawning herring and summer or autumn 
spawning herring are captured by fishermen in large numbers in the same 
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district, for instance, in the Western Baltic, where Jenkins studied, 
but I have never stated that they use the same spawning groands. 

Jenkins finds that the herring becomes sexually mature in its third 
year. 

2. Gbnbral Description of Linbs op Growth. 

One of the chief objects of my observations was to test the question 
how far the lines of growth in the skeletal structures of fishes were trust- 
worthy indications of age, whether the annual increments of growtli or 
deposit could be definitely distingulBhed and counted in all cases. The 
most direct and satisfactory basis for the assumption that the age of 
individual fishes can be ascertained by inspection of lines of growth in 
certain structures would be an extensive study of such lines in fish whose 
age was known by direct evidence, but hitherto such study has not been 
possible to any great extent. All I have been able to do is to ascertain 
the age of specimens of difierent sizes as indicated by the lines and zones 
of growth, and to compare the conclusions so reached with those to be 
derived from other sources, such as the season in which the specimens 
were collected, their size, and the evidence available concerning the 
rate of growth from experiments with fish reared in captivity. 

Another object which was in view in the investigation was that of 
discovering, as far as possible, the mode in which the lines of growth were 
produced, what di£ferences of structure caused the lines, and what was 
the relation between the seasonal changes in external conditions and the 
processes of growth taking place in the structures concerned. 

Ifk the plaice successive more or less parallel lines and zones are visible 
in the otoliths, in the scales, in the coracoid element of the pectoral 
girdle, which consists of calcified cartilage, and the surfaces of the verte- 
bral centra bounding the conical depressions in their anterior and posterior 
faces. 

The otoliths consist of a number of thin layers deposited one over the 
other around a common centre. The structure may be described as a 
concentric stratification, and, apparently, when once deposited a layer 
undergoes no subsequent change. The otoliths are thin and flat, but 
one surface is more convex than the other, and this more convex surface 
is in the natural position within the ear-capsule directed inwards and 
the flat surface outwards. I find the most convenient way to extract the 
otoliths is to split the skull with a knife from behind forwards, the 
ear-capsules being then exposed, as they are not separated from the 
cranial cavity by bone. The otoliths have a longer and a shorter 
diameter, and along the direction of the longer diameter there is a groove 
on the central part of the convex side. They appear to be formed as 
concretions excreted by the epithelium lining the sacculus of the 
auditory vesicle. 

Examined in water when freshly removed from the skull of the fish, 
the otolith exhibits both concentric and radiating lines, so that its 
structure resembles that of a scale, but the mode of formation is different, 
the otolith being formed externally to the epithelium of the auditory 
sac, which is derived originally from the epidermis (epiblast), while the 
scale is formed within the derma (mesoblast). At first sight it might be 
supposed that the successive deposits were formed only at the edge of the 
otolith, but by examining a transverse slice of the object cut roughly 
with a knife, it is seen that each successive layer extends over the whole 
surface, but is exceedingly thin on the two fiat surfaces and thicker at 
the edge. The structure is such as would be produced if a sphere com 
posed of concentric uniform layers of plastic material were very much 
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compressed so as to form a flat disc. The thin layers on the two faces 
being translucent, the surfaces of contact between successive layers are 
seen as lines approximately parallel to the outer edge. The layers are 
thin and very numerous, but they are grouped into broader zones by 
differences of opacity. Each zone is usually distinctly defined from that 
which succeeds it externally, the line of division being due to a sudden 
increase in opacity in the layers which form the commencement of the 
next zone. By transmitted light the more opaque layers appear dark, 
and the more transparent layers light All my figures show the appear- 
ance of the otoliths by transmitted light, the otoliths being examined in 
water as transparent objects. When the light is shut off from below and 
the object seen by reflected light, the appearances are reversed, the opaque 
regions appearing white and the transparent dark. My observations* 
agree closely with Heincke's def.cription of the structure as seen by reflected 
light, but I find that examination by transmitted light shows the structure 
more distinctly. The central area or first zone shows minor subdivisions, 
but the limits of these are not so distinct as the more external boundaries, 
and the whole of this central area appears to be formed in the first year 
of life. It consists of a central very opaque nucleus, followed sometimes 
first by a transparent zone, then one more opaque, and then a broader 
more transparent. But these minor zones are not always distinct, 
while the limit of the whole central area is usually quite definite. 

The radiating lines are due to narrow grooves on the surface tormina- 
ting in notches on the edge, and seem to be formed by folds in the 
membrane of the auditory vesicle containing the otolith. 

The scales of the plaice, like those of the cod, exhibit a number of 
concentric lines formed by ridges on the outer surface of the scale, but 
these ridges are very much finer, closer together, and less regular than 
in the scales of Gadidse. In the anterior embedded portion of the scale 
the ridges are divided up into short bars by radiating bands which appear 
transparent by transmitted light, but in the posterior more superficial 
part of the scale these radiating lines are absent, and the ridges appear as 
continuous wavy lines. Separate sclerites cannot be distinguished as in 
the cod, although doubtless the ridges and the radiating lines in the one 
case correspond to those in the other. Successive zones can usually be 
distinguished in consequence of the fact that the lines or ridges are closer 
together in certain zones than in others. A complete zone may be con- 
sidered to be the result of one year's growth. The summer's growth com- 
mences with lines or ridges which are rather far apart, and after a certain 
distance the lines become more closely crowded ; then the next summer's 
growth is indicated again by lines farther apart (fig. 10, pL viii.) The 
transition from the crowded lines to those further apart on the outside is 
somewhat sudden, so that the commencement of the new summer's 
growth is often fairly distinct. But in most cases the zones are somewhat 
difficult to distinguish, and it would be by no means easy to form a con- 
fident judgment of the age of the fish by examination of the scales alone. 
The conclusion drawn from the scales must be confirmed or tested by 
examination of the otolith. 

I have not found any sufliciently distinct lines of growth in the oper- 
cular bones, as Heincke states, but such lines are visible in the elements 
of the pectoral girdle and in the concave faces of the vertebrae. In neither 
case, however, are such good indications given as in the otolith. I have 
represented the appearance of a vertebra and of the pectoral elements in figs. 
1 3, 14, pi. viii. The pectoral girdle of the plaice consists of a somewhat thick 
ossified cleithrum, thicker and less expanded ventrally than that of the cod, 
and a scapula and corocoid consisting chiefly of calcified cartilage. The 
coiacoid comprises two parts, a thin ossified ventral portion bordered by a 
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slender carved rod of bone, and a uomewhat quadrate dorsal portion of 
calcified cartilage. The centre of growth is at the junction of the bony rod 
with the cartili^inous plate, and at intervals there are lines parallel to one 
another where calcification is more complete, and the cartilage conse- 
quently more opaque. The scapula shows similar lines, and they are 
parallel to the edges where the two elements meet The basal elements 
with which the fin rays articulate are represented by a small plate of 
cartilage with three or four minute points of ossification. 

The faces of the vertebrae show by reflected light opaque white bands 
separated by darker, more transparent lines, and tiiese are probably 
annual increments of growth, but it is difficult to be sure of counting the 
complete number, as the more central ones seem always doubtful and 
indistinct. 

In the cod the scales (fig. 15) exhibit concentric and radiating lines 
as in the plaice, but the radiating lines occur all round the scale, and 
the concentric lines are much more distinct and farther apart. Careful 
examination shows that the two systems of lines are due to the fact that 
the outer surface of the scale is made up of rings of separate elements, 
which may be conveniently termed sclerites. Each sclerite consists of a 
flat base with a projecting ridge, the ridges being placed in line with 
those of the neighbouring sclerites of the same ring. The ridge is 
situated near the outer border of the sclerite, and the edge of it is turned 
towards the hilum or focus of the scale, so that there is a depression or 
concavity on the inner side of the ridge. These sclerites are evidently the 
structures described by Marett Tims as scalelets in the passages quoted 
from his paper by J. Stuart Thompson {Jour. Mar, BioL Asm,, No. 1, 
1904). He states, however, that each scalelet consists of a basal plate 
with a minute spine projecting from its upper surface, a description which 
he has apparently taken from the appearance presented in transverse 
section, whereas the apparent spine is merely the section of a longitudinal 
ridge on the sclerite, as I have stated. The ridges on the sclerites are also 
identical with the rolls or cylinders which cover the surface of the scale, 
according to Ussow's description. 

According to Marett Tims, the scalelets are covered with a delicate 
epidermis. In my sections I find cell-nuclei both on the upper and lower 
surface of the scale, and have no doubt that the scale is covered with cells, 
to whose activity its formation is due. These cells or their nuclei are 
particularly evident at the edges of the scale, where it increases 
in extent, and where the new sclerites are successively formed. Nuclei 
can also be seen in the concavity on the inner side of the ridge of 
the sclerite, which agrees with Klaatsch's statement " that the cells 
arrange themselves on the surface of the scale in curved rows, and form 
always in front of themselves the substance out of which the rolls are 
made." I find, however, that the new sclerites are formed only at the edge, 
and that the above description of the cells and " rolls" or ridges applies 
only to the upper surface of the scale. Fig. 17, pi. ix., shows the appear- 
ance of a transverse section of the skin of a cod under a low power. The 
epidermis is of considerable thickness, and consists of small cells whose 
boundaries are not distinct in the preparation, but whose nuclei are seen 
as dote. The lowest layer of nuclei are somewhat elongated in a direction 
vertical to the lower surface of the epidermis. Beneath this lower layer 
are seen large oval masses of black pigment, the sections of the chromo- 
blasts. In the middle region of the epidermis are a number of rounded 
cavitiea The specimen from which the preparation was made was pre- 
served with formaline, and I am unable to state whether these cavities 
exist in the living skin or are the result of the action of the formaline. At 
the surface of the epidermis are seen two minute somewhat fusiform 
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bodies composed of elongated cells : these are sense-organs, which in the 
cod are freely distributed over the surface of the skin, in addition to the 
special organs of the lateral line. The derma below the epidermis 
consists of fine fibres having a horizontal direction, with numerous nuclei, 
and in this occur the scale-pockets containing sections of the scales. Of 
these, three layers at three different levels are seen in most sections, in 
consequence of the fact that the scales are imbricated, and overlap one 
another, so that portions of three different rows of scales are cut by one 
section vertical to the surface. The relations of the sclerites to the lower 
homogeneous portion of the scale are shown in the figure, but the eel hilar 
investment of the scale is not represented, as it is not sufficiently distinct 
under a low power. 

The ridges on the scales are seen to be farther apart in some regions, 
more closely crowded in others, so that zones may be distinguished. In 
other words, the sclerites formed at some periods of the growth of the 
scale are narrower than at others, so that their ridges are closer together. 
There is good reason for believing that the narrower sclerites are formed 
in winter, when the temperature is low. In the cod I find that the end 
of a year's growth is usually indicated by one or two markedly narrow 
rings, while the gradual narrowing of the sclerites as this boundary is 
approached, though it can be made out, is not at first obvious. In these 
points my observations agree generally with the descriptions and conclu- 
sions of Mr. J. Stuart Thompson, who, however, though he studied 
several species of Qadidse, did not investigate the cod. In larger and 
older specimens several annual zones can be distinguished, each termi- 
nated by a winter zone, between which and the summer growth there is 
often a distinct contrast. The distinction however, is not so obvious as 
in the earlier or inner zones, and it would be very difficult, from the scales 
alone, to form a decided conclusion as to the age of a cod. 

Dr. Heincke has pointed out, in his paper in the Beport of the Inter- 
national Investigations, shortly to be published, that lines of growth are 
more or less distinctly visible in various bones of fishes, while the lines 
and zones of the otolith have previously been investigated in the plaice 
and herring. In the cod I have examined the bones of the pectoral 
girdle, of the operculum, of the skull, and of the vertebral column. 

The pectoral girdle differs from that of the plaice in several particulars. 
The cleithrum (the large superficial bone behind the branchial cavity, 
formerly known as clavicle) is thinner, and only the scapula is directly 
attached to the posterior and inner aspect of the cleithrum. There is a 
long and strong post clavicle. The cleithrum is ossified, but the scapula 
and coracoid consist of calcified cartilage. There is no scapular foramen. 
There are four distinct and partially ossified fin-supports, instead of one 
cartilage, as in the plaice. The form of the parts is shown in fig. 20, pi. ix. 
I conld not satisfactorily make out annual zones in any of these structures. 
On the thin transparent part of the cleithrum there are sometimes visible 
some lines parallel to the edge, but they are very indistinct. Also in the 
coracoid there are slightly opaque lines parallel to the edge, but still less 
distinct, and no definite conclusions as to the age of the fish can be drawn 
from them. I am unable, therefore, to agree with Heincke, who states 
that the age of cod can be determined from the coracoid and scapula. 

I have found the bones of the operculum and skull equally unsuitable 
for the purpose here in view. In the vertebral column of a specimen of 
some size, parallel lines are distinctly visible in almost every part and on 
every process, including the walk of the anterior and posterior cavities, 
the neural spines, and the transverse processes, but I have found it 
impossible to use them as satisfactory indications of age. On the walls 
of the conical hollows of the centra numerous concentric lines appear, 
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lines of greater opacity appearing white by reflected light, and these lines 
are arranged in bands separated from each other by bands of darker, 
more transparent bone. Each of these bands may indicate a year's 
growth, being the summer growth separated from that of the next 
summer by a band where there is less calcareous matter. But it is 
difficult to decide exactly how many such annual zones are present. 
Even when one or two of the outer zones seem distinct, the number of 
the central earlier zones cannot be distinguished with certainty. One 
may count three at one time, and at the next attempt there seem to be 
four or five, and the total number always remains doubtful and uncertain. 

The otolith in cod and other GadidsB is large and opaque, aud by 
examining it as a whole nothing can be ascertained of its internal 
structure. It is therefore, according to Heincke, useless for the purpose 
of determination of the age of the fish. I have found, however, that the 
successive laminaa of which it is composed can be seen quite distinctly 
in transverse slices simply cut from the central region of the otolith with 
a scalpel. Such slices are, of course, rather thick, and their surface are 
rough and irregular. Nevertheless, when they are placed in water in a 
watch-glass and examined with a low-power objective, they are sufficiently 
transparent to show the successive laminsB of which the otolith is 
composed, and the laminae in certain zones being much more opaque than 
in the zones between these, the whole section is distinctly divided into 
regions which I believe to indicate the annual increments, and which, 
therefore, show the age of the fish. 

The otolith (i.6. the sagitta or largest otolith) of the cod is somewhat 
elliptical in outline, with rather pointed ends, and two surfaces, one 
convex and rather smooth, the other concave and more irregular. The 
convex surface is turned inwards, t.e. towards the brain, and somewhat 
downwards, the concave outwards and upwards. The convex surface is 
marked by a shallow longitudinal groove, into which fits the ridge of 
sensory epithelium, called the macula acustica of the sacculus. The edge 
of the otolith is divided by radial grooves into lobes which are chiefly de- 
veloped on the concave surface, and the central part of the concave surface 
projects slightly as a convexity. Fig. 16, pi. viii., shows the appearance 
by transmitted light of a transverse slice as above described. There is a 
central opaque nucleus surrounded by successive laminae which are thicker 
in the parts corresponding to the edges of the otolith than in those 
•orresponding to the surfaces. The nucleus is nearer to the convex 
surface than to the concave. The nucleus is surrounded by a number of 
opaque laminte, and these are succeeded by a number of more transparent 
ones. Then comes another zone of opaque laminte, while the most external 
are again more transparent. According to my interpretation, the opaque 
zone represents the deposit of one summer, the transparent that of one 
winter, so that the two zones together represent the result of one year's 
growth and indicate one year of age. The fish from which the otolith 
figured was taken was therefore two years old. 

For practical purposes, to determine the age of a number of specimens 
quickly, I find the best method is to examine a few scales in water, 
noting the number of winter zones, and the age apparently indicated, 
and then to extract an otolith by splitting the skull in the median 
plane, and to cut a transverse slice of the otolith in the manner described 
above. In this way the conclusions drawn from the scales can be tested 
and confirmed or modified. It may be asked why I have not prepared 
thinner and more perfect transverse sections of the otolith by grinding 
down thick slices. I have tried this method in tlie plaice, and not found 
it very successful. The piece to be ground down, after one surface has 
been ground smooth, must be fixed on a glass slide with Canada balsam in 
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order to grind the other surface. After the operation the section is 
opaque from the scratching of the surface, and if it is clarified and 
mounted in balsam it becomes too transparent, so that the contrast 
between the opaque and transparent zones is largely lost. I have not yet 
tried the method for transverse sections of the cod's otolith, but doubt 
if it would be suitable, and in any case the time required makes it useless 
for practical purposes. 

The following are the details of my observations on specimens of 
Plaice, Cod, and other species : — 

Young Plaice and Dabs collecthd by Shrimp-net in Aberdeen 
Bay in May 1904. 

The plaice in this sample ranged from 55 to 8*7cm. in length, 
and there were very few of them. Unfortunately, they were pre- 
served in formaline, and when I came to examine them I found that 
the action of this reagent had altered the otoliths so that the lines of 
growth could not be distinctly seen. Formaline has a decalcifying 
action, and although in these specimens the otoliths were not destroyed, 
thoy were rendered quite opaque and granular, so that the usual structure 
was scarcely visible. It seemed probable, however, that they had the 
characters of the central deposit of the first year, without any sharp 
dividing lines separating distinct zones. In this case there can be little 
doubt that the fish were one year old, as the new brood of the current 
year are still, in May, in the pelagic stage, and it is unlikely that fish so 
small should be more than one year old. 

The scales are apparently not afiected by the formaline as the otoliths 
are; that is to say the characteristic concentric lines are quite distinct. 
The posterior or embedded part of the scale consists of five radiating 
rows of short curved lines, not regularly parallel but irregular, separated 
by plain bands, while the anterior part of the scale is marked by con- 
tinuous successive lines approximately parallel to the edge of the scale 
(fig. 1). There is no division of these series of lines into zones, and 
the whole may be regarded as the growth of one year. 

Young Plaice from Solway Firth, collected about April 17, 1905. 

The results of examination of the otoliths in these specimens are as 
follows, males and females being given separately : — 

MALES, IMMATURE. 

(1) S'Gcm, in length, — Only one central area visible. It contains a 
central opaque nucleus, the part around which is slightly more 9paque 
than the external zone. Concentric lines of lamination faint {^, 4). 

{2) 6*9cm. in length, — Only one central area. 

(3) 7'lcm. in length, — Only central area, concentric lines of lamina- 
tion around the opaque nucleus. 

(4) 7'lcm, in length, — Central area only as in other cases, but near the 
outer edge a distinct transparent band with an opaque band outside it at 
the extreme edge. This might possibly be the commencement of the 
second year's deposit. 

(5) 9 '8cm, — Only one zone. 
{6) 9'9om.— Two zones. 

(7) 10'5cm. in length, — Two distinct zones, that is to say a distinct 
zone outside the central area. The central area is *95mm. in the shorter 
diameter, the total transverse diameter of the otolith being l'92mm. 
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{8) lO'Scm. — Two zones quite distinct. 
(9) 13'2cm, — Shows three zones. 

FEMALES, IMMATURE. 

(1) 8'9cm. hi letujth, — Only central area present. 

(2) 9'2cm, in length, — Otolith shows two distinct zones, the external 
one being defined by a sharp boundary line, and commencing with 
several laminae of very opaque deposit (fig. 8, pi. vii.). 

(3) 10'5cni, in length. — Two zones visible, the central area small and 
not quite so sharply defined as usual — 12*0cm. 

(4) IS'Scm. in length. — Two zones rather less distinct than usual, 
central area showing distinct lamination. 

(5) 15'9cm, — Shows three distinct zones. 

According to these results, therefore, males from 6'6cm. to 9*8cm. in 
length are one year old, and at lOScm.. or 4^ inches, are two years old. 
Females may be one year old up to 8*9cm., or very nearly 4 inches, 
while others from 9*2cm. to 15'5cm., or 4 to 6 inches, are two years 
old, and one of 15* 9cm., or about 6|^ inches, is three years old. 

According to Heincke, in the Report of the International Committee, 
vol, iii., the plaice at the Sylt are from 10cm. or less to 14cm. at one 
year of age, 10cm. to 19cm. at two years, and 13cm. to 28cm. at three 
years. These sizes are taken from specimens collected in March, aod 
therefore comparable with those from the Sol way Firth examined by me. 
The results therefore agree, but Heincke's observations have the defect 
that males and females are not distinguished in them. 

Specimens of Plaice received from Aberdeen on May 8, 1905, 
and cauout a few days before. 

These specimens, of which 14 were carefully examined, ranged in length 
from 4 '8cm. to ir4cm., and only one was identified as a female. The 
others were either male or their sex could not be determined. They must 
be considered as belonging to last year's brood, as the young plaice of 
the current year have but just completed their metamorphosis. 

{1) i'Senu long, — Sex not determined. One zone only in otolith, 
transparent ring next to the nucleus not seen. One year old. 

{!2) 4'8an, long. — Sex not determined. One zone only in otolith ; but 
there was a narrow, more transparent zone next to the nucleus, as in 
Reibisch's description of the first year's growth. Ont year old. 

(3) 6c.m, long, — Apparently male. One annual zone only in otolith, a 
broad region of somewhat opaque layers round the central nucleus, more 
transparent narrower zone at outer edge, that is the transparent region 
next to the nucleus as described by Keibisch, was not visible. Con- 
centric single layers distinct in the middle zone. 

(4) 5'7cm,^ probably male, — One zone in otolith. 
(J) 5'7cm., probably nude. — One zone in otolith. 
{6) 6' 7 cm., female. — One zone only. 

(7) 7'2cm.f probably male. — One zone only. 

(8-10), — Three specimens, 8 '5cm. long, apparently male, all showing 
one zone only. 

fll) 9'6cm., male. — One zone only. 
12) 9'8cm., male, — One zone only. 
10'3cm,, male, — One zone only. 
11 '4cm, male, — One zone only. 
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Plaice rbcbivbd from Abbrdben, April 1, 1905, and collected 
just before that date. 

HALE. 

(1) IS'Icm.y immaiure, — Otolith shows two zones, the third of the 
current year may have begun, but shows no distinct contrast with the 
second zone. The scales also show two zones, but not so easily dis- 
tinguished. 

FEMALES. 

(i) 12cm. long, immaiure, — Only one zone, or central area; fish, 
therefore, one year old (fig. 9, pi, vii.). 

{2) 14cm.f immature, — Otolith shows only one undivided area, may be 
considered one' year old. Scales also show no division into zones. 

{S) 15cm., immature. — Two distinct zones in otolith, outer zone 
sharply defined from central region, indicating two years* growth. 

(4) 16cm,, immature, — Two distinct zones in otolith; the central 
region is much smaller than the whole otolith of (2), and does not show 
distinct lamination as that does. The calcified cartilage of the coracoid 
also shows two zones, but the boundary line is rather faint. 

(5) 16'7cm,, immature. — Otolith with central region and one outer zone 
separated by distinct boundary line. On the outer border there are a few 
opaque layers, which may be the commencement of this year's deposit, 
but they are not defined by a distinct boundary from the second zone. 

(6) 20'7cin., immature. — Otolith shows /ozfr distinct zones. It seems 
difficult to believe that this fish, not quite 8^ inches long, and quite 
immature, should be really four years old, in which case it would be 
at least five years of age before it spawned for the first time. 

(7) Plaice, 22'9cm., immature, — Only one distinct boundary, with very 
dark and opaque layers outside it. Several fainter lines in the central 
area, but these I regard as all occurring in the first year's growth. 

With the exception of (1), (2), and (6), therefore, all these specimens 
were two years old and at the commencement of their third year. 

Larger Plaice, caught 21 miles S.S.E. of Aberdeen, about 
March 8, 1905. 

male. 

(i) 26-7 cm., immature, — Testes a mere narrow baud along the anterior 
iuterspinous bone at posterior border of body cavity. Otolith shows 
three complete zones, with no distinct indication of the beginning of the 
fourth. May be taken to be three years old. 

FEMALES. 

(i) 29cm. long, immature, — Five distinct zones in otolith. It would 
appear, therefore, that this fish would be at the end of its sixth year when 
it began to spawn. 

{2) 34'7cm., immature, — Ovary very small, without yolked eggs. Four 
complete zones in otolith, last one scarcely as wide as the others, but still 
too wide to be considered the deposit of the season now commencing. 

(3) S7'6cm,, immature. — Otolith shows ^vq distinct zones, including, 
of course, the central area. The fish, therefore, five years old. The fifth 
zone is not quite so wide as the fourth. In the scales also five zones can 
be distinguished, but not so certainly or clearly as in the otoliths. 
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In the coracoid four complete zones are visible, and an outer fifth, 
which is narrower. In the sub- and inter -opercalum I can make out 
no distinct zones or boundary lines. 

(4) 50cm, (nhout 1 ft, 8 in.) mature, tcith ripe ovaries. — In the 
right otolith six complete zones visible and a peripheral seventh. I was 
in some doubt whether this last was the seventh annual growth in pro- 
gress, or whether it was really complete in the preceding winter and the 
eighth about to commence. The latter view seems more probable, so 
that this fish is seven years old. As it is far beyond the limit of size 
for immature plaice, it may have spawned either once or several times 
previously. 

The zones in the scales were rather difficult to distinguish, but there 
were apparently seven, including the central region and the extreme 
external zon& In the coracoid also there were visible six complete zones 
and a seventh at the periphery. The latter was narrower than the 
others, and opaque, like the commencement of a year's growth. At present 
I do not know when the new growth commences, but in examining other 
specimens subsequently I have assumed that the outermost zone in 
specimens collected in March and April represents the last complete 
year, and not the commencement of the new annual growth. 



Heads and Pectoral Kbgions of Plaice 8knt from Abebdben, 16th 
December 1904: Sex not stated. 

(/)* 2(S'2cm. (10^ inches actual measurement).— OUA\\h shows three 
zones, that is to say central area, complete second zone, and external 
zone. The fish is therefore in its third year ; the third year would be 
completed some time in the commencement of next year. 

{2) Sl'2cm. {12^ inches actual measurement), — Otolith shows same 
condition, indicating that the fish is in its third year. If I understand 
him aright, this would be placed by Heincke in the second group, plaice 
which have lived two complete years and are in their third. In this 
case, the fish is larger than the maximum for this age of plaice on the 
Sylt grounds off the German coast (fig. 12). 

(S) Soon, (14. inches actual measurement), — Otolith shows four com- 
plete zones, and a fifth at the margin. Same number could be made out 
in the scales, in the coracoid, and in the conical hollow on the faces of the 
vertebne (pi. viii., fig. 11 otolith, fig. 10 scale). 

(4) 37 '5cm, {15 inches actual measurement), — The otolith shows 
seven zones, including both the central area and peripheral zone. Accord- 
ing to this, the fish was in its seventh year (pi. vii., fig. 5). The first three 
zones are strongly separated, but the fourth and sixth boundary lines were 
much less distinct, and it seemed possible that they might be accidental 
and not annual lines. In this case, however, the fourth and fifth zones 
would be of disproportionate width, so that it seems more probable that 
the fish is really in its seventh year and not in its fifth. 

(5) 4^'Scm, {181 ^^^^hes actual measurement), — The otolith shows 
five %one8, including the peripheral one. In this specimen I examined 
the hollow of the vertebral centra and the coracoid, and have figured 
them (fig. 14). In these also five zones can be distinguished, though the 
central area of the vertebral surface is scarcely visible, that is to say it is 
difficult to make out its boundary line. 

I also examined a large plaice 50 5cm. long, bought at a fishmonger's 
in London last autumn. The otolith showed six zones. The fish was a 
mature female, and was therefore in its sixth year. 
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CJoD PROM Aberdeen, caught October 1900. 

Length of fish 8* 6cm. (3f inches). Length of scale from side of body 
*94mm., breadth *46mm. Number of concentric lines on scale 10 or 11. 
No winter zone. Age six or seven months. 

Specimens of Cod prom Aberdeen, caught November 10, 1904. 

Of the following four specimens only parts of the skin and pectoral 
girdle were examined, so that only the scales give indications of age. 

{!) Length of fish Jf'^'Ocm, (/ ft. Gi in ), ?, immature. — Length of 
scale 2'4ram. Two winter zones distinguished Within the first winter 
zone 9 or 10 rings, from first to second 19 or 20, outside the second 
6 or 7. Age inferred two years and about six months. The rings 
in this and other cases are counted on the posterior part of the scale, as 
they do not all seem to extend round the whole scale. 

(^) Length of fish 54cm. (J ft, 9| m.), S, immature. — Number of 
lines in first annual zone 9 or 10, in second 13, in third 10, beyond 9. 
Probable age three years six months. 1 was not quite certain in this 
case about the number of winter zones in the outer part of the scale ; the 
total number of complete annual zones may have been two or three, but 
throe seemed more probable. 

(S) T^ength offish 64cm. {2 ft. l\in.\ $, immature. — First zone 10 lines, 
second 12 to 14 lines, thiid 12 lines, outside 8 or 9. Some doubt as in 
previous specimens. Age of fish three years six months, or possibly two 
years six months. 

(4) Length of fish 73cm. (2 ft. 5^ in.),-~S with large testes but not 
ripe, probably mature. First zone 10 lines, second 12 to 15, third 12 to 
15, beyond 4 or 5. Probable age three years six months. 

Specimens of Cod caught at Aberdeen about March 9. 

(/) Length of fish 24'Scm. (10 in.). — Otolith shows two annual 
zones. Scale also shows two zones; number of rings in first 13 or 14. 
Age inferred two years. 

{2) Length offish 30'5cm. {12)r in.). — Both scales and otolith indicate 
two annual zones. Inferred age two years. 

{3) Length of fish 30'7nn. (12^ in.). — In the scales a single winter 
boundary zone is quite evident. It is also evident that the ridges are 
close together at the edge of the scale, showing that the winter growth 
was nearly or quite finished when the fish was killed. Inferred age two 
years. A transverse section of the otolith also showed two annual zones 
(pi. yiii., fig. 16). 

(4) Length of fish 33'5cm. {13^ in.). — In scales one complete annual 
zone and another outside it. It seemed as if the two or three outermost 
rings belonged to the commencement of the new summer's growth, but I 
was not sure of this. Number of rings in first annual zone 14-15, in 
second 16, beyond 3. Transverse section of otolith also showed two 
complete annual zones. Both in scales and otoliths a slight interruption 
was visible in the first summer's growth, but this did not seem to be a 
definite winter zone. Such an interruption might occur probably enough 
occasionally from unfavourable conditions. Age inferred two years. 

The following specimens of cod were obtained at the same time, and 
the heads were sent to me, with labels indicating the size and condition 
of the fish :— 

(1) Length of fish 44'Scm. {17 ^ in.\ 1| lbs. weight. —St with small 
ovary, probably immature. Otolith in transverse sectio shows three 
annual zones. Inferred age three years. 
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{2) Length of fish 45'6cm. (18^ in,), 2\ lbs, weight^Sc&XeB behind 
head show two winter zones besides the external edge, in other words 
three annual zones. First zone 12 rings, second 17 to 19, third about 13. 
Otolith also shows three annual zones quite distinctly. Inferred age 
three years. 

(S) Length of fish 67'5cm, (i? ft. S in.), 8^ lbs. weight— S with 
small ovary, apparently immature. Scale from pectoral r^ion shows 
three winter zones besides the outer edge, in other words four annual 
zones complete. The first zone contains 14 rings, the second 20, the 
third 16, the last only 7. It might be supposed that the last zone was 
only the commencement of the present season's growth, or, on the other 
hand, the fourth winter zone might not be complete, as the water is still 
cold in March. I thought it most propable that the fish was four complete 
years old. In the transverse section of the otolith four complete zones 
were visible. In this specimen I examined the pectoral girdle and the 
concave faces of the vertebrte. In the coracoid I could with difficulty 
make out three boundary lines in addition to the outer edge, but they 
were very indistinct, and would be untrustworthy without the other 
indications. In the hollows of the yertebne there were numerous con- 
centric lines, but the boundaries of annual zones were not distinct. 

According to these latter results, the cod at two years of age is 10 to 13 
or 14 inches in length, at three years 17 to 19 inches, at four years 27 
inches ; but of course it would require the examination of a large number 
of specimens to ascertain the average and range of sizes at these ages. 

Specimens of Cod prom Experiments described by Dr. Fulton in 
Twenty- SECOND Report of the Board (for 1903). 

In the last Report Dr. Fulton, in his paper on " The Bate of Growth 
of Fishes,'' described certain experiments on the influence of temperature 
on the growth of cod and other fishes, experiments which were carried 
out in tanks in the Board's Marine Laboratory at Aberdeen. Several of 
the specimens which formed the subjects of these experimeuts were sent 
to me by Dr. Fulton, and I have examined them with the following 
results. Some of the specimens were from Tank I., in which the water 
was of the natural temperature^ not artificially heated. Dr. Fulton does 
not give any dates in connection with these experiments, but I presume 
that the codling were put into the tank in the autumn of 1903. They 
were then from 12cm. to 15cm. long, or six inches and less. It is not 
certain, but seems most probable, that they were then in their first year. 
They were killed on August 4, 1904, and then sent to me. 

(i) Cod, Tank /., 20'4cm, long. — The otolith in transverse section 
shows two annual zones, i.e. a central opaque region, then a zone of more 
transparent laminae, then a zone of opaque laminae again. The trans- 
parent zone corresponds to the previous winter, and the specimen supports 
the view that the opaque laminae are deposited in summer, as they 
extended almost to the edge, showing that they were being formed when 
the fish was killed in August. The specimens were preserved in formaline, 
and the skull bones were rather soft, but the layers of the otolith were 
not obscured. In the scales also a winter zone was visible, the ninth to 
twelfth rings being narrower and closer together. 

(2) 24.'8cm. — In this also I made out two annual zones in the otolith, 
though the winter zone was not quite so transparent. In the scales the 
winter zone included rings 15 to 21 and was quite distinct, beyond it 
were only seven or eight rings. 

These specimens, therefore, were in their second summer, according to 
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the structural indications, and this conclusion seems to be in accordance 
with the actual age. 

WhUing from Tank /., 2^'Scm, long. — Otolith shows one complete 
year and commencement of second, i,e, dark central region, then trans- 
parent zone, then dark external zone. The scales also show a distinct 
' winter zone ; there are 14 summer lines, then 12 winter lines, ending in a 
very distinct boundary of one or two very narrow rings; outside this 
boundary the new summer growth shows only seven or eight rings. 
Evidently the growth of the year is not very large even at the beginning 
of August. These whiting were 14cm. to 20cm. long when put into the 
tank, and it might be thought that they must then have been in their 
second year, but the structural indications are that the fish were only in 
their second year when killed. 

God from Tank No, J^ length 36'Gcm» ; killed November J, 1904, — 
I only received one specimen from this tank, which was kept artificially 
warm during the winter 1903-04. This, however, had not prevented the 
appearance of the boundaries between the annual zones of growth, for the 
transverse slice of the otolith distinctly showed two annual zones, and 
showed also a transparent zone externally in addition to the layers seen in 
the specimen killed in August. The scales also showed one winter zone 
at rings 15 to 20, and outside this 19 rings. To anyone who refers to 
Dr. Fulton's paper this will not seem surprising, for his tables show 
that, in spite of the artificial increase of temperature in the tank 
in winter, the cod grew nearly twice as fast in the last 55 days of the 
experiment than in the first 100. The growth was therefore slower in 
the winter, and the reduction of growth is shown by the winter zone in 
otolith and scales. 
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DESCRIPTION OF PLATES. 



PLATE VII. 

Fig. 1. Scale ol Plaice, 8 -Tern, long, caught near Aberdeen, May 1904. Zeiss 

a. Oc.3 camera. 
Fig. 2. Otolith of Plaice, 5*6cni. long, hatched in the spring of 1903, reared in 

small tank, and killed Nov. 5, 1904. Zeiss a, Oc.2. 
Fig. 3. Scale of same specimen, actual length *29mm. Zeiss A Oo.3. 
Fig. ♦. Otolith of Plaice, 6-6cm. long, d, from Solway Firth, caught April 1905. 
Fig. 6. Otolith of Plaice, 37*5cm. (15 inches) long. Zeiss a, Oc.2. Shows 

seven zones, indicating apparently seven years of age. 
Fig. 6. Otolith of Plaice, 12-2cm. long, from Solwav Firth, caught April 1905. 

Zeiss a, Oc.2 camera. Shows two annual zones. 
Fig. 7. Otolith of Plaice, 22 •9cm. long, caught near Aberdeen, April 1, 1906. 

Zeiss a, Oc.2 camera. 
Fig. 8. Otolith of Plaice, 9'2cm. long, ? immature, from Solway Firth, April 

1905. Zeiss a, Oc.2 camera. 
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Fig. 9. Otolith of Plaice, 12cin. long, $ immature, caught near Aberdeen, April 
1, 1905. Shows only one year's growth. 

PLATE VUL 

Pig. 10. Scale of Plaice, 35cm. long (14 inches), from Aberdeen. Zeiss A Oc.2. 

Shows five annual zones of growth. 
Fig. 11. Otolith of same specimen. Zeiss a, Oc.2. Shows also five zones of 

growth, with slight irreffularity in fourth zone. 
Fig. 12. Otolith of Plaice, 31 •2cm. long {\2\ inches), from Aberdeen. Shows 

three annual zones. 
Fig. 13. One of the anterior vertcbne of Plaice, 18} inches long, from Aberdeen, 

showing the zones of growth in the concave face of the vertebra. 
Fig. 14. Coracoid and scapula of same specimen, showing fv\Q zones of growth. 
Fig. 15. Scale of Cod from Dr. Fulton's experiments, killed August 1904, in its 

second year. Zeiss A Oc.2 camera. Shows two annual zones. 
Fig. 16. Cod, 30*7cm. long, caught near Aberdeen, March 1905. Transverse 

section of otolith, showing two annual zones of growth. 

PLATE IX. 

Fig. 17. Transverse section of skin of Cod from Dr. Fulton's experiments. Pre- 
served with formaline. Zeiss A Oc.3. 

Fig. 18. Portion of same section under higher power, to show nuclei on upper 
and lower surfaces of scale, and at edge. 

Pig. 19. Surface view of scale of Whiting under higher power, showing nuclei 
on upper surface and their relation to the ridges of the sclerites. 

Fig. 20. Pectoral girdle of Cod. C/. =Cleithnim (clavicle). Co. = Coracoid, 
S. = Scapula. 
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VI.— ON SOME NEW AND RARE CRUSTACEA FROM THE 
SCOTTISH SEAS. 

By Thomas Soott, LL.D., F.L.a, etc. 

(Plates X.-Xni.> 



Pbbliminaby Note. 

The Crustacea mentioned in the following notes were obtained for the 
most part in collections made during various Fishery inyestigations 
carried out under the direction of Dr. T. Wemyss Fulton, Scientific 
Superintendent of the Fishery Board for Scotland. 

Several of the forms described appear to be new to science, others have 
not before been recorded from the Scottish seas, and one or two belong 
to a curious parasitic group of minute Copepoda found usually in the mar- 
snpium of Crustacean species belonging to the Amphipoda, Sympoda, and 
others of the smaller Malacostraca. 

The following are the species described : — 

Paeudocyclopia gtesbreehti, Wolfenden — male described for the 

first time. 
Euryte longieauda^ Philippi, var. minor — new variety. 
Longipedia coronata, Claus — new to Scottish fauna. 
Stenhelia pygmceOy Norman and Scott — new to Scottish fanna. 
Ameira elegans, sp. n. 
Laophonte longiremUy sp. n. 
Cletodes sarsi, sp. n. 
Dygpontiua curticaudatua^ sp. n. 
SphceroneUa aorce, sp. n. 

„ vararensis, sp. n. 

., minuta, 

u » var. 

„ sp. from ffemilampropa rosea. 

Areturdla dUatata — now first recorded from the Forth estuary. 

Dbsoription of the Specib& 

SUB-ORDER CALANOIDA. 

. FaM. PsBUDOCYOLOPHD-a. 

Genus Pseudooydopia, T. Scott (1892), ♦ 
Psettdoeyclopia Oieshrechti, Wolfenden. PI. x., figs. 1-9. 

1902. Pseudocyclopia CHeshrechti^ Wolfenden, Joum. Mar. Biol. 
Assoc., Plymouth, vol vi., No. 3, January, 1902, p. 370, 
pi. iv. 

♦ The Tenth Annval Report of the Fishery Board for Scotland, III., p. 246 (1882). 
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The female of this species was described and figured by Dr. Wolfenden 
in the Journal of the Marine Biological Association for January, 1902, 
but the male appeared to be unknown. 

The male specimen (fig. 1), which I now propose to describe, agrees so 
closely with Dr. Wolfenden's definition and figures of the female that, 
after making allowance for sexual differences, I have no hesitation in 
ascribing it to the same species. 

The cephalothorax is robust, and appears to be composed of only four 
segments, but the fifth is so small as to be almost entirely obscured by 
the fourUi ; the abdomen is slender and much shorter than the body ; 
rostrum not much produced. The length of the specimen figured is 
about *8mm. (about «^ of an inch). 

Antennules (fig. 1) moderately slender, except towards the proximal 
end ; they are shorter than the cephalothoracic segment, and composed of 
seventeen joints ; the basal joint is large and stout and rather more than 
half as long as the entire length of the remaining joints, which are all 
short — the tenth, fourteenth, fifteenth and last are, however, rather 
longer than any of the other twelve. The formula shows approximately 
the proportional lengths of all the joints : — 

Proportional lengths of the jointe, 68 • 6 • 6 • 4 • 8'4'4'7'7'9-6'6'7'9'12'81Q 
Numbers of the joints,. - • 12 8 4 5 6 7 8 9 10 11 12 18 14 16 16 17 

Posterior antennas, outer ramus scarcely so long as the inner one, and 
composed of five joints — the third and fourth joints are very small and 
sparingly setiferous (fig. 3).* Mouth appendages similar to those of the 
other described species. 

Ail the four pairs of swimming feet (figs. 4-7) are also similar to those 
of the other described species, except that they are rather more hispid, but 
especially the inner branches of the fourth pair, and the outer branches 
also to some extent. In this pair the joints are more or less covered 
with Aiinute prickles, as shown in the drawing (fig. 7), and the same 
character distinguishes the fourth pair in the female described and 
figured by Dr. Wolfenden. 

Fifth pair are elongated and unequal on the two sides ; the left leg 
is long and slender, for though the first and second joints are short, 
the oUier is of considerable length, and is probably longer than the 
drawing shows it, as the extremity is apparently slightly damaged; a 
dense fringe of small delicate hairs extends along part of the proximal 
half of the inner margin of the slender end joint, and terminates distally 
at a small hook-like process (fig. 8). The right leg is considerably dilated 
at the proximal end of the second joint, but becomes attenuated towards 
the distal extremity ; the third joint is narrow, and terminates interiorly 
in one or two finger-like processes ; while the end joints which is very 
slender, and tapers gradually to a pointed apex, is furnished with a small 
process exteriorly near the proximal end, as sho?m in the drawing (fig. 8.). 
The abdomen is composed of five moderately short segments, and the 
furcal joints are also short (fig. 9). 

JJo^'^o^.— Firth of Forth, west of Queensferry. Dredged Nov. 17, 
1893, but only now described and figured. 

Remarks. — One of the characters peculiar to the genus Pseudocydopia 
is the presence of a long, moderately stout spine which springs from the 
inner distal angle of the first basal joint of the third pair of legs and 
reaches to about the end of the inner branch, as shown in figure 6. 

* Dr. Wolfenden describes the posterior* antennn as one-branched, but the outer ramus 
so characteristic of the Psendooyclopiide as of the other Oalanoida had probably beocune 
accidentally detached, and had thus given to the posterior antennn an appearance some- 
what unique among Oalanoids. 
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SUB-OEDEE OYCLOPOIDA. 

FaM. CTCLOPIDiB. 

Genus Euryhy PhUippi (1843). 

Euryie longicauda, Philippi, van minor. PI. z., figs. 13 and 14. 

Euryte longieauda is a moderately common species, and has already 
been recorded from the Firth of Forth and othet places. Two forms, a 
smaller and a larger, have occasionally been observed, but they appear to 
differ very little from each other, except in size. Figures 10 and 13 on 
plate X. show a female of the usual size and one of the small variety. 
The first measures about l*2mm. and the other *Smm. in length; the 
drawings of them are similarly enlarged. But though they differ so 
distinctly in size, there appears to be scarcely any structural difference 
between them : for convenience sake, however, the small form might be 
distinguished as var. minor. The fifth foot in this variety is slightly 
different in shape and armature from that of the other, as shown by 
figures 12 and 14. Both of the forms represented here .are from South 
Bay, Firth of Forth. 

SUB-ORDER HARPAClICOroA. 

Fam. Lokqipediida. 

Genus Longipedia (1863). 

Longipedia coronatoj Glaus. PI. x., figs 15-17. 

Prof. G. O. Sars has shown that the Longipedia usually recorded from 
Scottish waters as Longipegia corcnata, Glaus, was not the species 
described by him under that name, but auother and quite distinct form 
to which he has given the new name of Longidepia Seotii.* The true 
Z/. coronata, Glaus, appears to be moderately rare in our seas^ and is pro- 
bably limited to moderately deep water. I have only observed it in two 
gatherings, and they were on each occasion collected in over fifty 
fathoms. Longipedia eoronatay Glaus, which is scarcely so large as 
Z. Scotti shows several minute points of difference from the other species, 
i.e,, the arrangement of the three prominent sets on the long end-joint of 
the inner branches of the second pair of legs in the female is similar to 
that of Z. minor, Scott, but there are short stout spine-like processes at the 
distal end of the basal joints of the outer and inner branches (fig. 15). 
The fifth pair of feet, though similar to those of Z. ScoHi^ are slightly 
different in form and armature (fig. 16); while the last segment of the 
abdomen bears two short stout spines on each side of the prominent 
medium spine on the posterior dorsal margin (fig. 17). 

Habitat.— MoTBj Firth, off Fraserburgh, September 29, 1904, 
collected by Dr. H. C. Williamson, to whom I am indebted for the 
specimens. The same species was also obtained in one of the " Oold- 
seeker " gatherings, and is recorded in the Bulletin of the Gouncil of the 
International Bureau for November, 1904. 



^San* CrniitaoM of Norwaj, toI. t., p. 11, pi. t., fig. 1 (1904^ 
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Fam. StBNHKiIIDJB. 

Genus Stenhdia, Boeck (1864). 
Stenhdia pygnujea, Norman and Scott. 

1905. Stenhdia pygmma, N. and S., Ann. and Mag. Nat His. (7), 
voL XV., p. 284. 

This small species has recently been noticed in a gathering of Crustacea 
collected at Station II., Firth of Forth, on December 26, 1894.* It 
was described by Norman and Scott from a specimen dredged near 
Eddystone Lighthouse by Rev. Canon A. M. Norman.t 

;S^. pygnuea is one of the smaller species belonging to this genus, and 
measures only about ^ of an inch in length ; it appears to differ from 
other described species by the peculiar structure of the antennnles and of 
the first pair of swimming feet, and by the form and armature of the fifth 
pair. 

Genus Ameira, Boeck (1864). 

Ameira deganSy sp. n. PI. z., figs. 18 and 19 ; pL zi., figs. 1-9. 

Description of the Female. — ^The body, which is moderately elongated 
and slender, has a general resemblance to Ganthoeamptus palustris^ but 
it is rather less robust and somewhat smaller; the specimen figured 
measured only *7mm. (nearly -^ of an inch) in length (pi. zL, fig. 1). 

Antennules moderately elongated, eight-jointed, and sparingly seti- 
ferous ; the second joint is considerably longer, and the fifth and seventh 
smaller than the others (pL zi., fig. 2). The formula shows the lengths : — 

Proportionat6 length of the joints, 18 • 23 • 14 • 16 . 9 • 10 • 7 * 11 
Number of the joints, - - -12845678 

The antenn» (posterior antennse) are moderately large, and are each 
furnished with a small uniarticulate outer ramus bearing a few apical 
setee (pi. zL, fig. 3). 

Mandibles narrow, oblong, masticatory end obliquely truncated, and 
armed with small teeth ; mandible palp small, the basal part furnished 
with two setffi at the eztremity— one being stout and spiniform, and one 
plumose — and a small uniarticulate branch bearing a few setse is 
articulated to the distal half of the basal part (pi. zi., fig. 4). 

The second mazillipeds are stout, and armed with a moderately long 
terminal claw (pi. z., fig. 18). 

The swimming feet resemble those of Canthocamptus paludrU, but 
differ in a few minor particulars, as shown by the drawings. In the first 
pair, which are moderately stout, the first joint of the inner branches 
reaches to slightly beyond the end of the outer branch, the nezt two 
joints are short, but the end joint is rather longer than the other ; in the 
outer branches the middle joint, which is slightly longer than the first or 
third has a small spine on the inner distal angle ; all ^e three joints have 
the usual marginal spines— one on each of the first and second joints, and 
three spines and two sets on the lower half of the outer margin and end 
of the third joint (pi. zL, fig. 5). 

In the second, third, and fourth pairs the inner branches are all shorter 
than the outer. The middle joint of the second pair bears a single setaa 
on the inner distal angle ; but the end joint, which is rather longer than 

* This gathering was onl}' partially examined at the time it was oollected, and it has 
not eyen yet been ezhanstiToly dealt with. 
fCf. Ann. and Mag. Nat, But. for March, 1906, p. 284. 
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the other two, Ib provided with two setae on the inner margin, two spines 
on the outer margin, and also with two long spines of unequal length and 
a long seta at the apex ; the inner branches have the outer edge of each 
joint fringed with minute bristles, and a moderately long seta springs 
from the distal angles of the first and second joints and from the lower 
half of the third joint ; the third joint is also armed with a terminal 
spine and two long terminal setse (pi. zi., fig. 6). 

The armature of third and fourth pairs is similar to that of the second, 
except that there are two setce instead of one on the lower half of the 
inner margin of the last joint of the inner branches (pi. x., fig. 19, and 
pi. xi, fig, 7). 

The fifth pair resembles, to some extent, the same appendages in female 
specimens of Canthocamptua palusiria^ but the inner portion of the 
primary joints, which are broadly sub-triangular, have the apex more or 
less distinctly truncated rather than rounded. The armature of the inner 
portion of the primary joints consists of five apical setee, of which the 
three inner ones and the outermost are only of moderate length, but the 
other — the second from the outside — is greatly elongated. The secondary 
joints are oblong, with the outer and inner margins nearly parallel, the 
length being equietl to about twice the width at the broadest part ; outer 
margin nearly straight, inner slightly convex, apex obliquely truncate and 
furnished with six setas ; the second from the inside is very long, while 
the second from the outside is short ; the others are of varying lengths, as 
shown in the drawing (pi. xL, fig. 8). Furcal joints very short (pi. xi., 
fig. 9). 

Habitat, — West of Dunbar, near low water, collected by hand-net 
Ocober 16, 1894, as well as in a collection from Musselburgh collected 
the same year ; rare. 

Remarks. — Though this species resembles Canthocamptue pahtstria in 
some respects, the difference in the proportional lengths of the joints of 
the antennules and of the outer and inner branches of the first pair of 
swimming feet, and also in the form of the fifth pair, and especially of the 
secondary joints of that pair, is sufficient to distinguish it. 

Fail Laophontida. 
Qenus Laophonie^ Philippi (1840). 

Laophonte Umgiremis, sp. n. PI. xi., figs. 10-20. 

Description of the Female. — Body slender, and somewhat similar to 
Laophonte fJioracica in general appearance. The cephalothoracic segment 
is equal in length to the next three taken together, gibbous on the under . 
side, the ventral margins boldly rounded, the depth being nearly equal to 
the length of the segment ; the remaining segment short. Furcal joints 
about equal in length to the last abdominal segment. Length of the 
specimen represented by the drawing (fig. 10) '6mm. (about ^^ of an 
inch). 

Antennules long, slender, and composed of seven joints (fig. 11); first 
and second joints subequal, considerably longer than the first, the next 
three small, but the end joint is nearly as long as the combined lengths of 
the three preceding joints, as shown in the formula : — 

Proportional lengths of the joints, - 16 • 26 • 22 • 7 * 4 • 7 * 16 
Number of the joints, - - -12 8 4 5 6 7 

A long, slender, sensory filament springs from the upper distal angle 
of the fourth joint, as shown in the drawing. 
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The posterior antenna are moderately slender and elongated, and the 
end joint is armed with a hook-like process on the outer distal angle in 
addition to the usnal terminal setn (fig. 12) ; outer ramus small, uniarticu- 
late, and provided with two marginal and two terminal setse. 

Mandibles small and armed with a few bluntly-rounded teeth on the 
biting edge; palp small and furnished with a minute uniarticulated 
branch (fig. 13). 

Mazilke and first maxiUipeda as in L. thoractea. 

Second maxillipeds also similar to those of that species, the terminal 
claw being long and slender (fig. 14). 

In the first pair of natatory legs the inner branch has the joint slender 
and nearly twice the length of the entire outer branch, and it bears a few 
minute bristles on the inner margin ; the end joint is small and armed 
with a moderately stout and elongated claw. The outer branches are 
composed of three subequal joints, but the last is rather smaller than 
either of the other two (% 15). Outer branches of the second, third, 
and fourth pairs all three-jointed, elongated, and slender, and bearing long 
slender spinifurm marginal setsB and very long terminal bristles, as shown 
by the drawing (figs. 16-18); inner branches short, two-jointed, and 
scarcely reaching to the second joint of the outer branches; first joint 
considerably shorter than the second, and each furnished with a single 
seta near the end of the inner margin ; the end joint of the inner branches 
of the second and fourth pairs has a single seta on the lower half of the 
outer margin, two on the inner margin, and two at the apex ; but in the 
third pair there are three setae on the inner margin of the end joint of the 
inner branches. 

Moreover, a single seta springs from near the middle of the inner 
margin of the end joint of the outer branches of the second pair, and two 
from the inner margins of the same joints of the third and fourth, but 
otherwise the armature of the outer branches of the second, third, and 
fourth pairs is much alike. 

Fifth pair of moderate size, primary joint broadly oblong ; the inner 
distal angle slightly produced, and furnished with three setie on the inner 
margin — one being near the middle and two near the distal end ; the 
produced part bears one seta also on its inner margin and three others of 
small size and unequal length at its apex. The primary joint also carries 
a slender spiniform seta on the outer distal angle ; the secondary joint is 
narrow and elongated, the length being equal to fully four times the 
width at the broadest part ; it is provided with about four setee on the 
outer margin, one on the inner margin, and one on the produced and 
narrow apex (fig. 19). 

Habitat, — In an old quarry at Granton, Firth of Forth, which is open 
to the sea ; collected August 25, 1894 ; rare. This species differs 
from any other known to me ; no male has yet been observed. 

Fam. Gletodeid^ 
Genus Cletodes, Brady (1872). 
detodes Sarsi^* sp. n. PL xiL, figs. 1-9. 

Description of the Female. — ^This species is somewhat intermediate 
between Cletodes negleeta and C, Umgicaudata^ but differs from C. neg- 
lecta in having longer furcal joints, and from C. longieaudata in the 
f ureal joints of that species being still more elongated (fig. 1). The 
length of the specimen figured is about '5mm. (^ of an inch). 

* Named in oompliment to Herr Professor Q. 0. Sars, the eminent Norwegian 
caroinologiit. 
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The antennulea (fi^. 2) are very short, andcompoeed of five joints ; the 
length of the second joint is abont equal to that of the last, but the pen- 
ultimate joint is very small, as shown by the formula : — 

Proportional lengths of the joints, • 6 * 18 * 9 * 2 * 18 
Number of the joints, • - 1 2 8 4 5 

The posterior antennae are of moderate size, the end joint has the inner 
margin fringed with minute bristles, while two short setse spring from 
the distal half of the same margin ; the outer rami is very small and uni- 
articulate, and furnished with two or three setae (fig. 3). 

The mandible, maxillae, and first mazillipeds are similar to those of 
C7. negleeta. The second maxillipeds are very small, the end joint has 
the inner margin fringed with fine bristles and bears a long and very 
slender claw (fig. 4). 

All the four pairs of swimming feet are moderately short, and are some- 
what similar to each other in structure ; the outer branches are three- 
jointed and bear moderately long, slender spines or setae ; the end joints of 
the outer branches of the first and second pairs are each provided with 
four terminal setae, but the third and fourth pairs have five setae round 
^he end of the last joint ; these joints of the third and fourth pairs also 
differ from those of the first and second in that they become gradually 
and distinctly broader towards the distal extremity, as shown in the 
drawing (figs. 7 and 8) ; the inner branches are all two-jointed, short, and 
narrow ; the first joint is very small, but the second is elongated ; the 
inner branches in the first pair scarcely reach beyond the end of the 
second joint of the outer branches, while in each of the second, third, 
and fourth pairs the inner branches are slightly shorter than those of the 
preceding pair ; the inner branches of the first and second pairs are each 
furnished with two, and the others with three, terminal setae (figs. 5-8). 

The fifth pair are small ; the primary joint, which is very short, is pro- 
duced interiorly into a narrow plate, which becomes somewhat wider 
towards the distal end, and is furnished with a short and moderately elon- 
gated spine, which is articulated to a notch near the middle of the inner 
margin, and also with a stout and moderately long spine and an elongate 
seta on the truncate apex ; the secondary joint is long and very narrow ; 
a short seta springs from near the middle and anoUier from near the 
distal end of the outer margin. Moreover, a moderately long and spini- 
form seta springs from near the distal end of the inner margin of the 
secondary joint, and there is also a slender apical seta (fig. 9). 

The furoeJ joints are rather longer than the combined lengths of the 
last two abdominal segments, and they each bear a small bristle on the 
upper half of the outer margin and another on their dorsal aspect 

JJoWa^.— Firth of Forth, 1901 ; rare. 

FaM. HABPACriOID^. 

Genus Harpadicus. 

Harpacticus uniremis, Kroyer. PI. x., fig. 20. 

This species, which is so fully described and figured by Professor G, 0. 
Sars in Uie new volume of his Crustacea of Norway now in course of pub- 
lication, has been observed in one or two places round the Scottish and 
English coasts —I have even obtained it in material washed from the 
filters in use at the hatchery at the Bay of Nigg. 

In this species the limbs are strongly hispid, and it is otiierwise quite 
distinct from the other described species belonging to the genus found on 



Digitized by 



Google 



148 Part IIL — TweWty-ihird Annual Beport 

our ahorei. Figure 20 in plate x. shows one of the fifth pair of thoracic 
feet of a female specimen. 

FaM. ASTBROCHBBIDiE. 

Genus DyspotUiue, Thorell (1859). 

DysporUius curticatukUtis, sp. n. PL ziii., figs. 1-10. 

Description of the Female. — Length '8mm. (about -^j of an inch) ; 
somewhat similar to Dyspordius driatue in general appearance, but con- 
siderably smaller, except that the abdomen is also distinctly shorter, and 
the cephalosome rather more distinctly triangular in front. The 
abdomen and furcal joints are very short, and are together scarcely longer 
than the combined lengths of the preceding segments of the metasome 

(fig. !)• 

The antennules are short, moderately stout, s[)aringly setiferous, and 
composed of eight joints ; second and last joints subequal and longer 
than any of the others ; the fourth is short, being only about half the 
length of the joint on either side, as shown in the annexed formula : — 

Proportional Itngtha of the joints, 14 ' 25 • 10 * 6 * 10 * 8 * 10 * 23 
Numbers of the joints, • - -12845678 

A short sensory filament springs from about the middle of the end joint 
(fig- 2). 

The antennffi (posterior antennae) are moderately elongated, four- 
jointed, and armed with three moderately stout terminal spines, the 
middle one being considerably elongated and the outer very small ; the 
outer ramus is rudimentary (fig. 3). The siphon reaches to about the end 
of the cephalosome. 

The mandibles are very slender, and a small portion of the distal end 
of the inner margin is coarsely dentate, as shown in the drawing (fig. 4). 

The maxillse are somewhat similar to those of Dyspontius striatus^ 
but are rather stouter, and the inner ramus is proportionally scarcely so 
elongate, being only slightly longer than the outer ramus ; the terminal 
setse of the outer and inner rami are also similar to thoae of that species 
(fig. 5). 

The first maxillipeds resemble those of Dyapontius fringeUa^ Giesb., 
very closely ; they are furnished with a small fringe of setn near the end 
of the second joint ; the terminal claw is moderately short (fig. 6). 

The second maxillipeds have the second joint elongated, but the third 
and fourth, which are subequal in length, are togeUier not much more 
than half the length of the second joint ; the terminal claw is stout and 
moderately short, and about equal to the combined lengths of the two 
preceding joints (fig. 7). 

The swimming feet resemble those of DysporUiua striatus. In the first 
pair neither of the two branches bear terminal spines ; the first joint of 
the outer branch, which is nearly twice as long as the next, carries a short 
seta on the distal angle of the outer margin, and another on the lower 
half of the inner margin ; the second joint bears a short spine on the outer 
angle and a seta on the inner margin, while the last joint is furnished 
with two small spines on the outer margin, two setse on the inner margin 
and two more seta at the apex ; the first joint of the inner branches bears 
one and the second two setse on their inner margin, while the third carries 
three on the inner margin, one small seta on the outer margin, and two of 
moderate length at the apex, as shown in the drawing (fig. 8) ; the second 
pair, which were somewhat similar to the third, were damaged and no 
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drawing is given of them. In both branches of the third pair the armature 
of the first and second joints resembles that of the same joints in the first 
pair, bnt in the third joint of the outer branches there are three short 
spines on the outer margin, five setsB on the inner margin, besides a 
moderately stout terminal spine ; while that of the third joint of the 
inner branches has three set® on the inner, margin, a small seta on the 
outer margin, and a stout spine with a seta in front of it at the apex 
(fig. 9). 

In the fourth pair the outer branches only are developed, and resemble 
the onter branches of the third pair ; the inner branches are represented 
by a minute digitiform process (fig. 10). 

The fifth pair very minute. 

Hcbbitat. — Dredg^ in the vicinity of Culross, a few miles above 
Queensferry, Firth of Forth. 

This form is in some respects similar to Dyspontivs striaius^ but it 
differs in having only eight-jointed antennules and in the abdomen being 
very short. The male is unknown. 

FaH. NiCOTHOIDiE. 

Grenus NicotJioe^ Aud, and M. Edw., 1826. 

Nicothoe astaciy Audouin and M. Edwards. 

1826. Nicothoe aetaei, Aud. and M. Edw., Ann. Sci. Nat., Ist 
ser., vol. ix., p. 345, taf. 49, figs. 1-9. 

Dr. H. C. Williamson, while examining a lobster sent to him from 
Dunbar, observed this curious parasite adhering to one of the gills and 
kindly handed it over to me. This is the first specimen of Nicothoe 1 
have seen from the Forth district. The distribution of this species, so 
far as concerns the British Islands, appears to be coextensive with its 
host. 

Fah. Choniostomatid^ 

Genus SphoBToneUck^ Salensky (1868). 

SphceroneUa minvia, T. Scott. PI. xii., fig. 18 ; pL xiii,, fig. 16. 

This small form — parasitic on the Amphipod Perioculodes longimanus 
(Spence Bate) — was described in Part IIL of the Twenty-second Annual 
Report of the Fishery Board for Scotland, published in 1904 (pL xv., figs. 
11-15). One or two more specimens of Perioculodes infested with the 
same species of S'phceroneUa were recently observed in gatherings of 
small Crustacea coUeoted in the Moray Firth by Dr. H. 0. Williamson, 
to whom I am indebted for the specimens. Figure 18, plate xii., shows a 
Perioculodes with a parasite in situ, and figure 16, plate xiiL, shows an 
enlarged drawing of an adult female bearing two ovisacs, each of which 
is about as large as the parasite itself. 

SphcBTonella minuta, var. valida, PI. xiii., fig. 17-20. 

This form, which was obtained in the marsupium of an amphipod, 
Mdamphopus comutusy Norman, resembles SphceroneUa minuta so closely 
except in size, that I can only regard it as a large variety of that species. 
The female, which is represented by the drawing (fig. 17, pi. xiii.;, 
measures '73mm. in length, or about one and a h^ times the size of 
S, minuta. The body is globular in form and the appendages, so far as 
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they could be made out, appeared to be cloeely siiiiilar to the correspond- 
ing appendages in S, minuta, No males have yet been observed. The 
Amphipod was obtained in a gathering of small Crustacea collected off the 
east side of Inchkeith, Firth of Forth, in May, 1901. 

SpTueroneUa aorce, sp. n. PI. xii., figs. 10-17. 

Female moderately large ; its outline, when seen from above, had an 
obscurely quadrate appearance and was about as long as broad ; the head 
forms a small rounded protuberance in front ; length *86mm. (about ^ of 
an inch) ; ovisacs large (fig. 10). 

Antennules apparently fonr-jointed, but the end joint is very small ; 
the penultimate joint, which is equal to about one and a half times the 
length of the one that precedes it, is furnished with a number of short 
setae (fig. 12). 

The first msxillipeds are uniarticulate, very robust^ and armed with a 
stout terminal claw (fig. 14). 

The second maxillipeds are moderately stout, elongated, and four- 
jointed ; the second joint is as long as the third and fourth combined, 
while the third is narrower than the second and rather longer than the 
ultimate joint; terminal claw short and stout (fig. 15). 

The male, which measures about *28mm. has a somewhat close 
resemblance to the male of Sphoeronella chinermo, H. J. H.* The 
cephalo-thoracic plate b widest posteriorly where the breadth is about 
equal to the length ; the sides, which are nearly straight^ converge towards 
the proximal end, which is trilobed, the median lobe being larger than 
that on either side, abruptly truncate in front and produced slightly 
beyond the lateral lobes, which are bluntly rounded. Posterior portion 
of the body short, semicircular iu outline, and covered with short 
bristles (fig. 11). 

The antennules of the male difier slightly from those of the female ; 
they are rather shorter and stouter (fig. 13). 

The second maxillipeds differ considerably from those of the female ; 
the second joint is moderately stout, but comparatively shorter than in 
the second maxillipeds of the female, and furnished with twO or three 
transverse rows of short bristles ; the two end joints are slender, the 
ultimate one being very small and bearing a moderately stout claw (fig. 
16). 

The thoracic legs appear to be uniarticnlate and armed with one long 
and one short terminal seta (fig. 17). 

Habitat. — ^In the marsupium oi Aora gracila (Bate), from a townet 
gathering collected in the Dornoch Firth by Dr. H. C. Williamson, 
which he kindly handed over to me for examination. 

i^hcBroneUa mrarenais, sp. n. PI. xiii., figs. 12-15. 

This SphcBToneUa was found in the marsupium of an Amphipod^ 
Megalurapus agilis^ Norman, captured in Burghead Bay, Moray Firth, by 
Dr. H. C. Williamson, on Dec. 12, 1904, and kindly handed over to 
me along with some other interesting things. One or two females of this 
parasite were observed, but no males. The females are of an ovate form, 
widest in the middle, and nearly one and a half times longer than broad; 
head somewhat produced and broadly truncate in front The specimen 
represented by the drawing measured '53mm. (about ^ of an inch) and 
carried two ovisacs, each nearly as long as the parasite itself ; the ovisacs 
were ovate in form, broadly rounded on the outer, but flattened on the 

•The << Ohoniottomatidse," by H. J. Haoaen, pp. lOS And 112, PI. XL and PI. III. 
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inner aspect (fig. 12). The female as seen from the side is moderately 
and evenly rounded on the dorsal aspect and somewhat fiattened . below, 
as shown in figure 13. 

The antennules appear to be four-jointed, but the end joint is very 
small, while the penultimate joint is nearly as long as the preceding two 
joints taken together (fig. 14). 

The second roaxillipeds are moderately large and composed of four 
joints ; the first and second joints are robust, and the second is consider- 
ably more elongate than the next two joints combined, which are short 
and narrow, and furnished with a short terminal claw (fig. 15). This 
form does not agree with any species known to me. No males were 
observed. 

(?) SpJueronella sp. from a Hemilamprops rosea (Norman). 

A moderately large Sphoerondla, bright red in colour, was quite 
recently obtained in the marsupium of a specimen of Hemilainprops rosea 
(Norm.) captured in Loch Fyne by Dr. Williamson. So far as I am 
aware no Choniostomaton has yet been recorded from this species of the 
Lampropidse. 

ISOPODA VALVIFERA. 

FaM. ARCTURIDiE. 

Genus Arclurella, G. O. Sars, 1897. 

Arcturdla dikUata, G. 0. Sars. PL xiii., fig. 11. 

1897. ArctureUa dilatcUa, G. 0. Sars, Crustacea of Norway, vol. 
ii., p. 92, pL xxxviii. 

A male specimen of this species was obtained in some material dredged 
off St. Monans on May 22, 1901. The species appears to be widely 
distributed, but moderately rare. The late Dr. Robertson has recorded 
this species from the Firth of Clyde, and I have observed one or two 
specimens in gatherings dredged off Fair Island in October, 1900, 



DESCRIPTION OF THE PLATES. 



PLATE X. 
Pseudocydopia gie^krtchU, Wolfenden. 



Fig. 1. 

Fig. 2. 

Fig. 8. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 



Male, side view . 
Antennule 
Antenna . 
Foot of first pair . 
Foot of second pair 
Foot of third pair 
Foot of fourth pair 
Foot of fifth pair. 
Abdomen ana fnrcal joints 



Diam. 

X 9a 

X 260. 

X 26a 

X 260. 

X 260. 

X 260. 

X 260. 

X 260. 

X 196. 



EuryU longicauda, Philippi. 



Fig. 10. Female, dorsal view . x 90. 

Fig. 11. Antennule ....... x 196. 

Fig. 12. Foot of fifth pair x 890. 
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EuryU longicaudot var. minor. 

Fig. 13. Female, dorsal view . x 90. 

Fig. 14. Foot of fifth pair x 390. 

Longipedia oorcnala^ Claus. 

Fig. 15. Foot of second pair, female . x 90. 

Fig. 16. Foot of fifth pair, female ..... enlarged. 

Fig. 17. Last segmmit of abdomen and f ureal joints . x 195. 

Ameira deganSf sp. n. 

Fig. 18. Second maxilliped, female ..... x 780. 

Fig. 19. Foot of third pair ...... x 260. 

ffarpacticus uniremis, Kroyer. 

Fig. ao. Foot of fifth pair ...... enlarged. 



PLATE XL 

Ameira degcms^ sp. n. 

Fig. 1. Female, side view 

Fig. 2. Antennule 

Fig. 3. Antenna . 

Fig. 4. Mandible. 

Fig. 5. Foot of first pair 

Fig. 6. Foot of second pair 

Fig. 7. Foot of fourth pair 

Fig. 8. Foot of fifth pair 

Fig. 9. Last segment of abdomen and furcal joints 



X 60. 

X 260. 

X 390. 

X 780. 

X 260. 

X 260. 

X 195. 

X 390. 

X 195. 



Laopkonte hngir^mis, sp. n. 

Fig. 10. Female, side view 

Fig. 11. Antennule. 

Fig. 12. Antenna . 

Fig. 13. Mandible. 

Fig. 14. Second Maxilliped 

Fig. 15. Foot of first pair. 

Fig. 16. Foot of second pair 

Fig. 17. Foot of third pair 

Fig. 18. Foot of fourth pair 

Fig. 19. Foot of fifth pair 

Fig. 20. Last segment of abdomen and furcal joint 



X 135. 
X 520. 

X 
X 
X 
X 
X 
X 
X 
X 
X 



520. 
780. 
780. 
300. 
260. 
260. 
260. 
390. 
195 



PLATE Xn. 



Cktodes Sarsi, sp. n. 



Fig. 1. Female, dorsal view 

Fig. 2. Antennule 

Fig. 3. Antenna. . 

Fig. 4. Second maxilliped 

Fig. 5. Foot of first pair 

Fig. 6. Foot of second pair 

Fig. 7. Foot of third pair 

Fig. 8. Foot of fourth pair 

Fig. 9. Foot of fifth pair 



SphfxrcneUa aorcBf sp. n. 



Fig. 10. Female, dorsal view 
Fig. 11. Male, dorsal view 



18a 
780. 
780. 
780. 
780. 
78a 
780. 
780. 
780. 



X 60. 
X 180. 
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Fig. 12. Antennule, female 

^g. 13. Antennole, male . 

Fig. 14. First maxilliped, female 

Fig. 15. Second maxiUiped, female 

Fig. 16. Second maxiUiped, male 

Fig. 17. Foot of ? second pair 



SphcercfMUa minuta^ T. Soott. 
Fie. 18. Perioculodes Umgmanua with the Sphc&nyiMa in situ, . 



78a 
780. 
780. 
780. 
780. 



x22-5. 



Fig. 


3. 


Fig. 


4. 


Fig. 


6. 


Fig. 


6. 


Fig. 


7. 


Fig. 


8. 


Fig. 


9. 


Fig. 


10. 



PLATR XIII. 

Dyspontiua curticauckUiu, sp. n. 

Fig. 1. Female, dorsal view . x 80. 

Fig. 2. Antennole ....... x 263. 

Antenna ........ x 520. 

Mandible. ....... x 390. 

Maxilla x 520. 

First Maxilliped x 350. 

Second maxilliped ...... x 280. 

Foot of first pair ...... x 187. 

Foot of third pair ...... x 260. 

Foot of fourth pair ...... x 260. 

ArdurtUa dHoUata, Sars. 

Fig. 11. Male, dorsal view ...... x 20*6. 

8i<h(gr<meUa varartnm^ sp. n. 

12. Female, dorsal view . x 90. 

13. Female, side view ...... x 120. 

14. Antennule ....... x 780. 

15. Second maxilliped ...... x 780. 

SphcBranella tninuta, T. Soott. 
Fig. 16. Female, with ovisacs ...... 

SphasroneUa ffUnuta^ var. valida. 

17. Female, dorsal view . . x 72. 

18. Female, side view ...... x 780. 

19. Antennole ....... x 780. 

20. Second maxilliped ...... x 780. 



Fig. 
Fig. 
Fig. 
Fig. 



Fig. 
Fig. 
Fig. 
Fig. 
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VII.— A NOTE ON THE HATCHING OF THE CRAB (CANCER 
PAGURUS). By H. Chas. Williamson, M.A., D.Sc, Marine 
Laboratory, Aberdeen. 



In the summer of 1902 a quantity of the fry of the edible crab was 
distributed in the sea off the coast of Aberdeenshire. 

Nine berried crabs (breester, pea-parten) ware obtained chiefly in the 
neighbourhood of Aberdeen. They were kept in two concrete tanks 
Until the larvse hatched out. Shelter was afforded the crabs in cavities 
formed by building stones up on the sand-covered bottom of the tank. 
When the fry hatched out it was attracted to the glass front of the 
tank, from which side the light entered, and when present in quantity 
the fry formed a thick white cloud. The young crabs were drawn off 
into the carboys by means of a syphon. All the fry of the crab 
deposited near Fraserburgh and Findochty was in the first zoea stage. 
The crab fry was disposed of as follows : — 

August 6, 1902. — About 1 million set free about 1 mile north of 
Fraserburgh. 

August 7, 1902.— About 2 millions set free about ^ mile off 
Caimbulg. 

August 19, 1902. — About 1 million set free about | mile off St. 
Combs. 

September 15, 1902. — About | million set free about | mile north of 
Findochty. 

The method of estimating the numbers of crab fry was as follows. 
The fry that was set free was provided by nine berried crabs, and at the 
low average of half a million eggs to each crab, should number 
4 1 millions. The proportion of this total set free at each of the four 
above-mentioned places was apportioned approximately by the number of 
carboys required for the consignment. 

The crabs hatched out in August, September, and October. The 
vitality of the crab fry was tested in the following manner. Crab frr 
were crowded into a glass jar. The water was heated to 17j|^ C, and 
then allowed to cool. Next forenoon the majority was alive aiid lively. 

On one of the journeys the water in one of the carboys was cooled to 
about 7^ C. The crab fry in this carboy did not, nt the end of the 
journey, appear to be in any better condition than those which had been 
filled with water at the temperature of the hatchery. 

The crabs which furnished the fry were kept alive when the hatching 
was finished, and some lived until the spring of 1905. The history of 
the members of the 1902 group throws some light on certain of the 
problems of the life-history of this species. It has been already outlined.* 

In January 1903 two of these crabs were dissected; one had died, 
the second was killed. In the former the ovary was white, with a very 
slight pink tinge. There were a few red eggs in a bunch near the 
oviduct. The eggs were degenerating ; they were disorganised internally. 

* Vide WilUamaon. **ContTibatioiii to the Life-histories of the Edible Crab {Chncer 
pagurvt) and of other Decapod Cmstaceo, ko"—Tu>entjf'$econd Annual Report of tke 
Fukery Board for Scotland, Part JIL, 1904. 



Digitized by 



Google 



of the Fishery Bowrdfor ScaUand. 156 

One spermatheca was empty ; the other had a large quantity of sperms 
ii) it. The swimmerets had still some empty egg-capsules attached. In 
the crab which was killed the ovary was the colour of the external egga 
It was friable. The spermatheca contained a good quantity of sperms. 
The endopodites of the swimmerets were clean. 

In October 1903 two of the crabs spawned. One which was killed 
had an ovary that appeared to be ripe ; the eggs measured *37 and *4mm. 
in diameter. There was a copious supply of sperms in the spermatheca. 

On January 13th 1904 another crab was found to have spawned. On 
February UUi 1904 two of the non-berried crabs were dead. In one, 
measuring 6 inches across, the ovary was small and white, but mottled to a 
considerable extent here and there with red eggs. This crab had evi- 
dently spawned this season, although the eggs had not remained attached 
to the swimmerets. There was a small quantity of sperms in each 
spermatheca. The second crab measured 7^ inches across. The ovary 
was dropsical. There was a large quantity of sperms in both spermatheca. 
There were lots of empty egg-capsules on the endopodites of the 
swimmerets. 

On October Slst 1904 there were five crabs remaining of the 1902 
batch. One was berried. On November 19th 1904 two of the crabs were 
berried. In December 1904 and January 1905, three crabs were found 
dead. On January 12th 1905 two crabs remained; one of these was 
berried. Both crabs were found dead on May 6th 1905. During the 
whole period not one of the crabs cast. 

Casting. — The Absorption Abbas on thb Chbla. 

In a previous paper I described the absorption which takes place on 
the three proximal joints of the chela at the time when the crab casts, 
whereby the withdrawal of the chela from the shell is facilitated. I was 
not aware at that time that a detailed description accompanied by drawings 
had been published by J. Couch.* 

* J. Couch. ** A particular description of some circumstances hitherto little known, 
connected with the process of Exuviation in the Common Edible Crab." Twenty'Sixtk 
Annval Rqtcrt of the Royal Oomwall Polytechnic Society^ 1868. 
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VIII.— ON THE TAY SPRAT FISHERY, 
1904-1905. 

By John Fletcher, University College, Dandee. 



The sprat fishing during the past season has been exceptionally poor. 
Only 1348 crans of sprats, including young herrings, were taken out of 
the river this season, as against 14,966 crans during the season of 
1883-1884. 

The 1348 crans consisted of somewhere about 44 million young 
herrings and sprats, of which some 52 per cent., or 23 million, were 
young herrings measuring from 4*3 centimetres to 17*5 centimetres in 
length, and the other 21 million, or 42 per cent., were sprats measuring 
from 4 centimetres to 15 centimetres. 

Of the 1348 crans, some 894 crans were sold as fresh fish and sent off 
to the markets of London, Birmingham, Manchester, Liverpool, and other 
English towns ; and some 454 crans (containing over 7 million young 
herrings) were sold to local farmers for manure. 

The 894 crans of fresh fish brought to the fishermen a sum of some- 
where about £220, and the 454 crans of manure brought in only some 
£20. 

A certain number of young herrings and sprats were also destroyed 
while the men ware engaged at the sparling fishing further up the river. 

During October, November, and December, 1904, the number of sprat 
boats engaged at the sparling fishing varied from 5 to 20, and each net 
brought up along with the sparlings from 1 to 6 buckets of young 
herrings and sprats per day. During the latter half of January 1905 the 
number of boats varied from 10 to 26, and these were getting from 3 
buckets to lj| crans of young herrings and sprats. Very few were 
caught during the month of February. 

^e young of other fishes are also annually destroyed by the sprat and 
sparling fishermen, but apparently not in any great quantities. The 
useful forms include the young of the whiting, cod, plaice, dab, flounder, 
and sparling, while among the inedible kinds were young and adult 
agoni, cotti, liparis, lumpsuckers, sand-eels, sticklebacks, &c 

The Broughty-Ferry winter herring fishermen and the sprat fishermen 
strictly observed the line of division suggested at the Local Enquiry of 
January 1904, viz. : — a line drawn between Broughty-Ferry and Tayport, 
the sprat fishers being restricted to the part of the river above that line, 
and the Broughty-Ferry men never going beyond it. 

During the course of this season's investigations 46 samples of mixed 
sprats, young herring, and other fish were bought and examined. The 
46 samples consisted of : — 
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Young Herring, 26,037 

. 16,992 

317 

136 
68 
26 
18 
15 
1 



Sprats, 

Young Whiting, 
„ Cod, 
„ Plaice, 
„ Sparlings, 
„ Flounders, 
„ Dabs, 
„ Lythe, . 



Agontus cataphractue, 
Sand-eels (Ammodytes tobianu$J, 
Viyiparons Blennies, . 
Lumpsuckers. Oydopterus luinpus, 
Oobivs miniUuSf .... 
Butter-Fish. Centronotus gunndlus^ 
Liparis montaguif 
Pipe-fish, Syrignathus, sp., . 
Fifteen-spined Stickleback, 
Three-spined Stickleback, . 



43,610 

168 
40 
10 
9 
9 
9 
8 
5 
2 
1 

261 



In most cases, also, the sprats and herrings were carefully measured 
with a view to determining the rate of growth of the species and the 
probable growth of the fish caught. These measurements will be dealt 
with on another occasion. 

Number of Sprats Mbabursd. 

October, 977 

Norember, 3438 

December, 2238 

January, 2112 

February, 2233 



NUMBBR OF HbRRING MbaBURBD. 



October, . 

November, 

December, 

January, 

February, 



10,998 



733 
2983 
2269 
2287 
1983 

10,255 



The 43,000 sprats and young herring examined represented about 
one thousandth part of the entire season's catch. The catch was carefully 
inspected on every day when fish were landed throughout the season, but 
on some days no large samples were counted, a rough estimate only 
being made of the proportion of sprats and herrings which made up the 
catch. By these two methods the following Table has been drawn up, 
showing the approximate composition of the catch throughout the season. 
An asterisk denotes the days when the estimate was only a superficial one« 
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OCIOBEB. 



Date. 


No. of Crana. 


Estimated 

No. of Toung 

Herring. 


Estimated 
No. of Sprats. 


Estimated 

Total No. of 

Fish. 


1904. 










October 20 


li 


2,620 


47,880 


60,400 


„ 24 . . 


4 


39,168 


76,082 


116,200 


„ 27* . . 


1} 


12,960 


30,240 


43,200 


„ 28 . . 


4 


3,456 


111,744 


115,200 


„ 31 . . 


41 


83,048 


89,352 


122,400 


16} 


91,162 


355,248 


446,400 




NOVEMBEB. 






Date. 


No, of Orans. 


Estimated 

No. of Young 

Herring. 


Estimated 
No. of Sprats. 


Estimated 

Total No. of 

Fish. 


1904. 










November 1 . 


15 


30,240 


401,760 


432,000 


2 . . 


344 


59,616 


933,984 


993,600 


3 . . 


i 


288 


3,312 


3,600 


4 . 


2 


19,584 


38,016 ' 


57,600 


5» . . 


4 


84,560 


80,640 


115,200 


7 . . 


6 


58,216 


174,645 


232,860 


„ 10 . . 


9 


49,248 


4,876,652 


4,924,800 


„ 11* . • 


3 


17,280 


69,120 


86,400 


„ 12* . . 


8 


17.280 


69,120 


86,400* 


„ 14 . . 


28 


331,200 


381,200 


662,400 


„ \h* . . 


31* 


272,160 


635,040 


907,200 


16 . 


58 


668,160 


1,002,240 


1,670.400 


17» . . 


304 


404,064 


1,474,336 


1,878,400 


1 , 18». . 


8 


3,240 


7,560 


10,800 


19* . . 


IJ 


12,960 


30,240 


43,200 


„ 21 . . 


28i 


267,184 


419,616 


676,800 


„ 22* . . 


49 


987,840 


428,860 


1,411,200 


., 23 . . 


16i 


466,192 


19,108 


476.800 


„ 24 . . 


! 784 


1,768,424 


497,876 


2,260,800 


„ 26* . . 


, 24i 


568,720 


139,680 


698,400 


„ 26». . 


174 


403,200 


100,800 


504,000 


„ 28 . . 


82i 


664,660 


271,440 


936,000 


.> 2»». . 


1 Hi 


286,880 


101,620 


338,400 


„ 30 . . 


lOJ 


276,544 


84,056 


309,600 


485i 


7,581,639 


12,133,721 


19,716.860 
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DiOBMBBB. 



Date. ' 


1 
No. of Cnuis. 1 


Estimated 

No. of Young 

Herring. 


£i«timated 
No. of Sprata. 


Estimated 

Total No. of 

Fish. 


1904. ' 










December 1* . 


3 


69,120 


17,280 


86,400 


6 . . 


1| 


20,160 


30,240 


50,400 


7 . . 


66J 


896,760 


1,011,240 


1,908,000 


8» . . 


68J 


982,800 


982,800 


1,965,600 


9 . . 


H 


191,520 


82,080 


278,600 


io» . . 


H 


90,720 


38,880 


129,600 


., 12 . . 


23i 


534,672 


142,128 


676,800 


„ 14 . . 


9 


150,386 


108,864 


259,200 


„ 16*. . 


2i 


46,360 


19,440 


64,800 


16 . . 


i 


6,696 


504 


7,200 


19 . 


5 


100,800 


48,200 


144,000 


20» . . 


50J 


876,960 


584,640 


1,461,600 


21» . 


8H 


613,440 


408,960 


1,022,400 


„ 22 . . 


7i 


116,928 


91,872 


208,800 


23* . . 


85 


504,000 


604,000 


1,008,000 


26* . 


24J 


211.680 


493,920 


706,600 


M 27 . . 


17 


141,984 


347,616 


489,600 


28* . 


27 


238,280 


644,820 


777,600 


29* . . 


13 


112,820 


262,080 


374,400 


„ 81» . . 


5 


48,200 


100,800 


144,000 


408:1 


6,942,736 


5,814,864 


11,757,600 
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January. 



Date. 


No. of Crans. 


Estimated 

No. of Young 

Herring. 


Estimated 
No. of Sprats. 


Estimated 

Total No. of 

Pish. 


1906. 










January 4* 


! «* 


161,200 


100,800 


262,000 


„ 5 




19 


877,568 


169,682 


647,200 


„ 6* 




9 


156,620 


108,680 


259,200 


n 9 




' H 


78,386 


44,064 


122,400 


n 10 




•19 


888,040 


164,160 


547,200 


„ 13 




97i 


2,212,682 


588,168 


2,800,800 


„ 14* 




22 


506,880 


126,720 


683,600 


M 16 




41 


117,986 


11,664 


129,600 


., 17* 




IJ 


34,660 


8,640 


48,200 


„ 18 




42? 


861,840 


869,860 


1,231,200 


„ 19* 




i «^ 


1,474,660 


868,640 


1,848,200 


M 20 




66J 


1,602,720 


306,280 


1,908,000 


M 21* 




40 


967,680 


184,820 


1,152,000 


M 28 

1 




21f 


582,440 


93,960 


626,400 


M 24* 




2i 


57,600 


14.400 


72,000 


„ 26 




4 


87,562 


27,648 


116,200 


M 26* 




2 


46,080 


11,620 


67,600 


., 27 




i 


6,048 


1,162 


7,200 




4282 


9,664,192 


2,698,808 


12,848,000 


Fbbbuart. 


Date. 


No. of Crans. 


Estimated 

No. of Young 

Herring. 


Estimated 
No. of Sprats. 1 


Estimated 

Total Na of 

Fish. 


1906. 










February 1 


i 


6,472 


1,728 


7,200 


„ 8* . 




i 


10,080 


4,820 


14,400 


» 7 




1 


14,976 


18,824 


28,800 


„ 8* . 




' H 


61,480 


42,120 


98,600 


„ 9 . 




2i 


49,896 


29,804 


79,200 


„ 18* . 






6,480 


4,820 ; 


10,800 


„ 14 . 






8,024 


4,176 


7,200 


» 20» . 






8,600 


3,600 


7,200 


„ 28 . 






17,064 


4,686 


21,600 


„ 24 






6,112 


2,088 


7,200 






H 


167,184 


110,016 


277,200 
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Months. 


No. of 
Crans. 


Estimated 

No. of Young 

Herring. 


Estimated Estimated 
No. of Total No. of 
Sprats. Fish. 


Estimated i 
Percentage 
of Young 
Herring. 


October, . 
NoTember, . 
December, . 
January, . 

February, . 


154 

485{ 

408i 

428^ 

H 


91,152 

7,581,689 

5,942,736 

9,654,192 

167,184 


855,248 

12,188,721 

5,814,864 

2,693,808 

110,016 


446,400 
19,715,360 
11,757,600 
12,348,000 

277,200 


20-4 
38-5 
50-5 
78-2 
GO-3 


1,847J 


28,486,903 


21,107,657 


44,544,560 


50-4 



It will be observed that the percentage of herring gradually and 
steadily increased from the commencement of the season until Januar}% 
and was still at a high level when the fishing closed. 

Tay Sprat Fishing Investigations— 1904-1905. 
Cauees of Failure of the Fishing, 

This season's sprat fishing has been one of the poorest for many years, 
^reat distress prevailing amongst the fishermen during the first half of 
the season, or from October till the end of December. 

During that time both fishermen and buyers were losing money, and, 
at most, the fishermen were only able to pay for the wear and tear of 
gear, dock dues, and victualling. 

The principal causes of complaint were : — 

(1) The scarcity and poor quality of the fish. 
The low prices obtained for the fish. 
The alleged excessive railway rates. 

The mild open winter, want of south-easterly gales, and almost total 
absence of spates may have something to do with the scarcity of fish in 
the river, but, so far, I have not been able to prove that such causes have 
any influence upon the movements of the fish. 

As the bag-net captures all sizes and every kind of fish that enters the 
river, it follows that the very large numbers of young sprats and young 
herring, together with the usually considerable numbers of young cod, 
whiting, Agoni, shrimps, &c., all go to make up the so-caUed rubbishy 
stuff sent from Dundee to the English markets. 

This mixture of fish has no chance beside the prime sprats sent from 
Inverness, where the fishing is carried on by means of drift-nets. 

The railway companies charge from 6s. to lOs. per barrel for fish sent 
to the English markets. This rate is doubtless a severe handicap on the 
trade considering the small value of the produce, though it can scarcely 
be deemed high considering the bulk of the goods and the distance from 
Dundee to the great English towns 

Omieral AeooutU ofihe Fishing. 

By common agreement among the fishermen, the Tay sprat fishing 
begins on the 25th of September and ends on the 25th of February. 
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This year's regular fishing, however, did not begin until the 20th of 
October, owing to the scarcity and poor quality of the fish. 

The fishing boats are small yawls or smacks, from 38 to 48 feet along 
the keel, and manned by two, three, or four of a crew, the usual number, 
however, being two during poor seasons and three or four when fish are 
very plentiful Each boat is valued at somewhere about £70, the net 
alone costing £12. 

Some 29 boats are registered at the ports of Dundee and Perth, but the 
majority of these belong to Newburgh, St. Andrews, Easthaven, Car- 
noustie, Tayport, and Broughty-Ferry. 

The boats go out either in the morning or afternoon, accoiding to the 
abundance of fish or state of the tide, and fishing is continued throughout 
the night. 

The fish are brought into the Dundee tidal-basin in the morning and 
are usually sold by auction, the auctioneer getting 3^ to 4 per cent of 
the gross return. 

The fish are caught by means of a huge conical bag-net, which 
measures from 40 to 52 yards in length, with a mouth of from 21 to 24 
feet square. I measured one as it lay stretched out on the quay and 
found it to be some 42 yards in length, with a mouth 23 feet square. 

The mouth of the net is attached to two booms, an upper boom, 23 feet 
in length, which floats on the surface of the water, and a lower boom of 
the same length, weighted with iron, which sinks to various depths 
according to the strength of the tide. 

The net consists of four parts, each part with a size of mesh smaller 
than the preceding part. 

The first part attached to the two booms was 13 yards long, wiUi a 
mesh of 1^ of an inch from knot to knot, or, according to the fishermen, 
of 36 rows of meshes to the yard. 

The second part is known as the '* enter " ; it measured 10 yards in 
length and had a mesh of ^ of an inch from knot to knot, or, according 
to my informant, of 52 rows of meshes to the yard. 

The third part of the net is known as the sleeve ; it was 3 yards in 
length, with a mesh of ^ of an inch, or 64 rows of meshes to the yard. 

The fourth part of the net is known as the sprat-end ; it measured 19 
yards in length and had a mesh of ^ of an inch from knot to knot, or, 
according to the fishermen, it contained 1 10 rows of meshes to the yard ; 
the last three yards of the sprat-end were used as a tail end for hauling 
the net on board. 

The Tay sparling fishing begins and ends at the same time as the sprat 
fishing, and is engaged in by the same men, who use the same boats and 
bag-nets but attach a small meshed herring-end or tail to the nets in 
place of the usual sprat end. 

The sparling fishing is usually carried on when sprats and herring are 
not very plentiful in tbe river, and is usually confined to the upper parts 
of the estuary or from four to twelve miles above or west of the Tay 
Bridge. 

The mcyority of the sprat and sparling boats are too old and rickety 
for any other kind of fishing except river-fishing. Their deck construc- 
tion, accommodation, and gear are quite unsuited for winter herring 
fishing outside the river. A good many winter herring, however, are 
caught in the river along with the sprats and young herring during the 
months of January and February. 

The sprat and sparling fishermen take part in various occupations 
during the summer time. Some of the men take part in the Tay 
salmon fishing ; a few work on board the river passenger steamers, sand 
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boats, &c. ; a few are tradesmen (masons, &c.); while the rest are 
general labourers. 

Tap Sprat-Ftshifig Grounds, 

The Tay sprat-fishing grounds are included in that part of the estuary 
extending from Invergowrie and Balmerino, some 3 miles above or 
west of the Tay Bridge, down to, or a little beyond, Tayport and 
Broughty-Ferry, between 4 or 5 miles east of the Tay Bridge. 

From Broughty-Ferry, the estuary increases uniformly in width as far 
as 3 miles above the Tay Bridge, where it is 2| nautical miles wide. 

At Dundee it is 1| nautical mile in width, and at Broughty-Ferry, 
some 4| miles below the Tay Bridge, the estuary is only | mile across. 

Many sandbanks extend over this particular part of the estuary, 
which are dry 4 to 7 feet at low water, the width of the navigable 
channel being about | mile. 

Sandbanks also exist in the main channel itself, composed of cleaner 
and coarser sand than most of the surrounding amdbanks. Contrary to 
expectation, the sandbanks of the Tay are found to vary very little in 
form from one year's end to another. Extensive flats and sandbanks are 
present on either side of the main channel above or west of the Tay 
Bridge. 

Abreast of Invergowrie and Ninewells, the main channel is marked off 
by two red and two black buoys, and forms here a very important sprat 
and herring fishing ground. 

About opposite the west end of Dundee an important sandbank exists, 
some 150 yards in width at low water. The deep channel on the south 
side of it formed the principal ground for this and last year*s sprat and 
herring fishing. This particular sandbank is known as the Middle Bank, 
and its narrow east end is marked off by the Chequer buoy. 

A somewhat variable and extensive shoal projecto from the southern 

. shore of the estuary, about half-wa^ between Newport and Tayport ; it 

is called the Newoome Spit, and consists of a mass of clean sand and 

shells six times as coarse as the Middle Bank. The neighbourhood of 

the Newcome Spit is also a favourite sprat a?id herring fishing ground. 

At Broughty-Ferry there are no sandbanks, and the river here is fully 
10 fathoms deep at low water. 

Seaward of Broughty-Ferry the eetuary widens rapidly, and the 
bottom consiste largely of coarse sand fidl of rounded water-worn stones. 

At Monifieth Bay this material is said to form a suitable spawning 
ground for winter herring. 

Tides, 

Spring tides flow up the river Tay as far as two miles above the city 
of Perth, and sprate and herring are got by the sparling fishermen as far 
up as Newburgh, but only in very small quantities. 

Low water of ordinary spring tides at Dundee Harbour is 7*5 feet 
below ordnance datum, and high water of ordinary spring tides is 
16^ feet above that level. The extreme range of high water at Dundee 
varies between 19 feet 6 inches and 3 feet 7 inches, and extreme low 
tides sometimes fall 1 foot 5 inches below low water of ordinary spring 
tides. 

The tides have an important bearing upon the quantity of fish caught 
in the river, and also restrict the fishing to those parte of the river 
where the currento are strong enough to open the bag-nete. 

During the flood of neap tides the currento ore too weak to open the 
neto, and fishing can only take place then during ebb-tide, while during 
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the height of spring tides the currents in the neighbourhood of Craighead 
and Newcome Spit are too strong, and occasionally damage or carry the 
nets away altoge&er. 

Fishing is also entirely stopped for a short time, extending from half- 
an-hour to three-quarters of an hour, during the slack water between 
tides. 

Many of the fishermen are of opinion that most of the fish enter the 
river during spring tides and make their way to the sea again as the 
tides slacken ; this, however, was not borne out by the daily returns of 
the fishing during the past season. 

The main mass of the flood tidal current, after sweeping through 
between Broughty-Ferry and Tayport, flows in the direction of West- 
Ferry Bay and the Stannergate, Uien south-west between the Chequer 
Buoy and the Newcome Spit. It next flows west between the Middle 
Bank and the Fife shore, then north again in the vicinity of the Tay 
Bridge to Ninewells and Invergowrie Bay. The returning ebb tide flow- 
ing in the opposite direction passes over much the same course. 

All the important sprat and herring fishing-grounds lie in the above 
course, and the fish when not very plentiful in the estuary appear to 
always follow more or less these main tidal currents on their way from 
and to the sea. When the fish are very plentiful, on the other hand, 
they are caught in all parts of the estuary. 

The presence of the flood tide is perceived on the north side of the 
estuary in several ways. First, the saltness of the water at spring tides 
upon the north shore is between 10 and 25 per cent, greater than that 
upon the south shore till the ebb tide has fairly commenced. Secondly, 
the current of the flood tide is so strong in the vicinity of Dundee as to 
give an inclination to the surface of the water, so that at half flood the 
level is 2 to 3 inches higher than it is on the opposite side of the 
ectuary. 

The deeper parts of both tidal currents are much Salter and, during 
the cold months, warmer, than the surface waters ; but there is generally 
a greater difference in salinity and temperature between the surface and 
bottom layers of water upon the flood than upon the ebb, these layers 
tending to intermix somewhat less upon the flood-tide than upon the ebb. 

At the Abertay Lightship stationed at the mouth of the Tay, the salt- 
ness of the surface water, near low water and during hekvy land floods, 
is sometimes as low as two-fifths of that of sea-water. 

The normal ratio, however, of sea- water to land- water in the estuary 
is such that at the middle of its length — at Dundee — there is just as 
much fresh water as salt, and at the Pile Lighthouse, ^ of a mile below 
Tayport, the quantities of sea-water and land-water are, on the average, 
as 2 to L The ratio of the land- water to sea- water at Dundee usually 
fluctuates between one-fifth and four-fifths. 

So far as I can make out meanwhile, the movements of the sprats and 
herring in the river are not influenced to any marked extent by variations 
in temperature, although both kinds of fish appear not to wander very far 
from the slightly warmer water of the main flood tidal currents. 

Some Notes on the Na^*al History of the Sprai and Winter Herring. 

Sprats and winter herring frequent bays, inshore waters, and estuaries. 
They usually ascend the estuaries of rivers in large numbers during the 
months of October, November, December, January, and February. The 
main shoals appear to remain in the Tay estuary for short periods, 
extending from two to five or more days at a time, and then gradually 
make their way to the sea again. 
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Sprats and immature herring are amongst the most timid and restless 
of all fishes. They swim usually in separate shoals, but in the estuary of 
the Tay, where tiie main channel is so shallow and narrow, they very 
often mix and swim together. 

Hardly any two fish in the sea have so many and varied enemies as 
the sprat and herring. This incessant persecution by numerous enemies, 
and consequent restlessness, may possibly partially account for the pre- 
sence of both fish in such large numbers in the estuaries of rivers. 

The fishermen, in trying to explain the presence of the fish in such 
laige numbers iu the Tay estuary, believe that the sprat and herring 
have a liking for brackish waters, and some scientist's are under the 
impression that the fish seek the colder waters. 

Several] considerations, however, seem to be against such ideas. Both 
fish, while in the estuary, appear to remain in the main tidal currents, 
where the water is somewhat warmer than the surrounding waters. 
Experiments also show that in very cold waters fishes give up feeding 
altogether, probably because the ferments upon which digestion depends 
do not act, or at any rate very slowly. 

The fishermen also believe that the fish ascend the estuary to feed on 
the small organisms in the water, but this is also more or less erroneous. 
The majority of the herrings' stomachs examined were found to be empty ; 
only a few contained a very small quantity of Crustacea, while the sprats' 
stomachs were invariably found to be quite empty. Moreover, iu the 
river at this season, the fish would get little or no food material to 
swallow, as careful examination of samples of water have shown. 

Fishermen are also of opinion that the state of the tides is related to 
the quantity of fish in the river, that during spring tides the fish are 
more plentiful than during neap tides ; but after carefully comparing the 
daily catches with the state of the tide, I am unable to show a close con- 
nection. Certainly on several occasions the best fishing was at or near 
the spring tides, e.g., November 23, December 7 and 22, and January 
17-21 ; but there was fairly good fishing during neap tides about Novem- 
ber 1 and 15, December 27, and very good about January 12. 

They, again, believe that rough weather, especially strong south-easterly 
gales, drive the fish into the river, but this also I am unable to prove. 

During the great scarcity of fish in the month of November, I 
questioned many of the fishermen as to the state of the water in the 
river. Om and all believed that they had never seen such a lot 
of fire (phosphorescence) in the river as during that time. This 
phosphorescence, along with the clearness of the water, enabled 
the fish to see the nets and thus avoid thera. This I believe to be 
partially true, for if the fish swim in small, narrow, separate shoals, as they 
appear to do when not very plentiful in the river, then they might 
conceivably take fright at the glowing anchor and the chain, &c,, and 
thus at the same time swim clear of the open mouth of the bag-net. 
Against this idea, however, is the fact that very seldom were the nets 
brought up absolutely empty, while nearly every boat managed to 
capture from | to 3 crans of fish. During the daytime, however, it is a 
fact that little or no fish are caught if the water is very clear and the fish 
not very plentiful in the river. The fish avoid the light and swim at a 
much lower level, and thus avoid the open mouth of the bag-net. 
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IX.— GENERAL INDEX TO THE SCIENTIFIC REPORTS OF 
THE FISHERY BOARD FOR SCOTLAND, 1883-1904, 
WITH A LIST OF THE PAPERS CONTAINED IN THEM. 
Prepared by Dr. Thomas Wemyss Fulton, F.RS.E., Superin- 
tendent of Scientific Investigations. 



For some jeai'S it has been felt as a want, both by the staff of the 
Board and by those engaged elsewhere in fishery investigations and 
research, that there existed no general index to the numerous scientific 
papers contained in the Annual Repoi*ts of the Fishery Board. These 
reports now number over a score, extending back to the year 1882, and 
they necessarily contain a large amount of matter dealing with marine 
biology and physics, and relating to fisheries and fishery problems. I 
have endeavoured to supply the want referred to by the compilation of 
the index and list of scientific papers printed in the following pages. 

In the index the numbers referring to the various reports are 
enclosed within brackets ; from the sixth report onward, that namely 
for 1887, the reference is to Part III. of the Annual Report, the 
reports since the yeai* named being divided into three parts, the third of 
which is that devoted to scientific investigations. In the list of papers 
the figures in brackets refer to the year of publication. 

List of Papebs. 

Barrett, Dr. W. H. 

Note on the Liver of a Haddock in which a Sand-eel was partly 
Embedded. 8, p. 70, Pis. III.-V. (1885). 

Beard, Dr. J. 

On the Development of the Common Skate {Raja hatia), 8, p. 300, 
Pis. IX.-XI. (1890). 

Brady, Professor Q. S. 

1. Notes on Entomostraca. 5, p. 328, PI. XIX. (1887). 

2. Description of a new series of Cyctopa. 6, p. 232 (1888). 

Brook, Gtoorge. 

1 and 2. On the Development of the Herring. 8, p. 32, PI. I. 
(1886); 4, p. 31, Pis. I., II. (1886). 

3. Note on some of the specimens seut in by the Officers of the 

Board. 8, p. 67 (1885). 

4. Report on the Herring Fishery of Loch Fyne and the adjacent 

districts during 1885. 4, p. 47 (1886). 
6. Report on the Food of the Haddock. 4, p. 128 (1886). 

6. Report on the Food of the Cod. 4, p. 134 (1886). 

7. Ichthyological Notes. 4, p. 222, PL IX. (1886). 

8. The Spawning-period of the British Food-fishes. 4, p. 242 

(1886). 

9. Notes on the Food of Young Gadid«. 5, p. 326 (1887). 
10 Notes on the Spawning of the Pike. 5, p. 347 (1887). 
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Brook, Gtoorge, and W. L. Calderwood. 

Report on the Food of the Herring. 4, p. 102 (1886). 

Brook, Gtoorge, and Dr. Thomas Soott. 

List of the Marine Fauna collected at the Taibert Laboratory 
during 1885. 4, p. 231 (1886). 

Calderwood, W. L. 

1. Notes on the Oopepods of Loch Fyne. 4, p. 147 (1886). 

2. Note? on the Greenland Shark {Lwmargvs microcephalvs). 4, 

p. 228, PL X. (1886). 

3. Notes on an Intra-uterine specimen of the Porbeagle {Latmia 

wi-niMca), 6, p, 263 (1888). 

Clarkson, Dr. R. D. 

On the Nutritive Value and Relative Digestibility of Fresh Fish. 
5, p. 221 (1887). 

Cleve, Professor P. T. 

Report on the Phyto-plankton collected on the Expedition of 
H.M.S. " Research," 1896. 15, p. 297, PI. VIII. 

Cunningham, J. T. 

Zones of Growth in the Skeletal Structures of Gadidw and 
PleuronectidsB. 28, p. 125 (1905). 

Daniel, Dr. Alfred. 

Abstract of a Repoi-t on the Fishery Statistics of Scotland. 7, 
p. 178(1889). 

Dannevig, Harold. C. 

1 to 5. Reports on the Hatching Operations at Dunbar Marine 
Hatchery during the Spring Season, 1894, 12, p. 210 
(1894); 1895, 18, p. 123 (1895); 1896, 14, p. 150 (1896); 
1898, 17, p. 205, PI. VIII. (1899); 1899, 18, p. 330 
(1900). 

6. The Influence of Temperature on the Development of the 

Eggs of Fishes. 18, p. 147, PI. I. (1895). 

7. On the Rearing of the Larval and Post-larval Stages of the 

PUiee and other Flat-fishes. 15, p. 175, PI. IV. (1897). 

8. Report on the Operations at Dunbar Marine Hatchery for 

the period July 1896 to December 1897,, with some Notes 
on Rearing Experiments with Flat-fishes. 16, p. 219 (1898). 

9. On the Rate of Growth of Plaice. 17, P. 232, PL IX. (1899). 
10 and 11. Reports on the Hatching Work at the Marine 

Hatchery, Bay of Nigg, Aberdeen, during the Spring 
Season, 1900, 19, p. 229 (1900) ; 1901, 20, p. 440 (1902). 

Day, Dr. Francis. 

Note on a new Blenny {Lumpenvs lampebneformie)* 2, p. 78, 
PI. X. (1884). 

Diokson, Dr. H. N. 

1. Report on Physical Investigations earned out on board 
H.M.S. "Jackal," J893-94. 12, p. 336, Pis. XVI.-XTX. 
(1894). 
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Dickson, Dr. H. J^.—cmuinued, 

2. Report on Physical InvestigationB carried out on board 
H.M.S. "Research" during August 1896. 15, p. 280 
(1897). 

Duthie, Robert. 

The Fisheries of Shetland. 10, p. 202 (1892). 

Edington, Dr. Alexander. 

1 . An Investigation into the Natui-e of the Organisms present in 

"Red" Cod, and as to the cause of the Red Coloration. 

6, p. 207, Pis. VI., VII. (1888). 

2. On the Saprolegnia of Sedmon Disease and Allied Forms. 

7, p. 368, PI. IX. (1889). 

Ewart, Professor J. Cossar 

1. Natural History of the Herring. 2, p. 61, Pis. IV.-IX. (1884). 

2. Note on some of the specimens forwarded by the Officers of the 

Board. 2, p. 79, PJs. Xl.-XIII. (1884). 

3. Observations on the Spawning of Cod. 8, p. 52 (1885). 

4. Report on the Progress of Fish-culture in America. 8, p. 78 (1885). 

5. Are Herring Ova likely to Develop Normally on the Deep 

Offshore Fishing Banks? 4, p. 43 (1886). 

6. On the Artificial Hatching and Raring of Sea-fish. 5, p. 230, 

Pis. VII.-X. (1887). 

7. Notes on the Nature of " Red " Cod. 6, p. 204 (1888). 

Bwart, Professor J. 0., and Sir J. R. G. Maitland, Bart. 

1. Report on the Trawling Experiments on the £ast Coast, 
5, p. 43, Pis. I.-III. (1887). 

2 and 3. Reports on the Trawling Experiments of the ** Garland/' 
and the Statistics of the East Coast Fisheries. 6, p. 25, 
Pis. I.-V. (1888); 7, p. 15, PU. I., 11. (1889). 

Bwart, Professor J. C, and J. Duncan Mathews. 

On the Nature of Thames and Forth Whitebait. 4, p. 98 (1886). 

Bwart, Professor J. C, and Dr. T. Wemyss Fulton. 

1. The Scottish Lobster Fishery. 6, p. 189 (1888). 

2. Report on the Spawning of the British Marine Food-fishes. 

7, p. 186 (1889). 

Fletoher, John. 

On the Tay Sprat Fishery, 1904-1905. 28, p. 156 (1905). 

Fryer, 0. B. 

The Preparation of Sprats and other Fish as Sardines. 5, p. 218 
(1887). 

Fullarton, Dr. J. H. 

1. Solway Shrimp and Flounder Fishings. 7, p. 175 (1889). 

2. On the Habits of PeU&n, and on the 01am Beds of the Firth of 

Forth. 7, p. 341, PI. VIII. (1889). 

3. Report on Bait Experiments. 7, p. 352 (1889). 

4. Tlie Cockle Beds of Barra. 8, p. 211, PI. IV. (1890). 
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FuUarton, Dr., J. H. — continued, 

6. Oyster-culture in France and Holland. 8, p. 220 (1890). 

6. On the Development of the Scallop (Pectmi operctdariSf L.). 8, 

p. 290, Pis. V.-VIII. (1890). 

7. On the Suitability of Scottish Waters for Oyster-culture. 0, 

p. 184 (1891). 

8. On Bouch6t Biussel-culture and the Bouchot Experiments at 

St. Andrews. 0, p. 212 (1891). 
9 and 10. On the Development of the Plaice. 0, p. 311, Pis. 
VII.-IX. (1891) ; 11, p. 274, Pis. XIII.-XVI. (1893). 

11. The Clyde Mussel Beds. 10, p. 194, PI. V. (1892). 

12. On the Oviposition and Growth of the Lesser Sand-eel 

{Ammodytea tobianus, L.). 12, p. 313 (1894). 

13. On the History of Mussel-culture at Montrose during the past 

Six Years. 13, p. 137 (1895). 

14. On the larval and Post-larval Development of the Brain of 

the Lesser Sand-eel. 13. p. 276, Pis. XI.-XIII. (1895). 

15. The European Lobster, Breeding and Development. 14, 

p. 186, PL VI.-VIII. (1896). 

Fullarton, J. H., and Dr. Thomas Soott. 

Mussel-farming at Montrose. 7, p. 327, Pi. VII. (1889). 
Fulton, Dr. T. Wemyss. 

1 . An Account of the Contemporary Work relating to Fisheries, 

including Abstracts of the more important Papers. 6, 
p. 276 (1888). 

2. Reports from Her Majesty's Diplomatic and Consular Officers 

Abroad on the best means of Increasing the Demand in 
Foreign Countries for Scotch -cured Herrings and other 
Fish. 7, p. 158 (1889). 

3. Abstract of Reports by Mr. Thomas Scott on his Special 

Investigations on board Steam Trawlers. 7, p. 171 (1889). 

4. Abstract of a Report by Dr. Alfred Daniell on the Fishery 

Statistics of Scotland. 7, p. 178. 

5. Inquiries into the Nature of the Food, the Spawning, Habits, 

Ac, of Marine Food-fishes, 7, p. 182 (1889). 
6 to 18. Report on the Trawling Experiments of the ** Garland,'' 
and on the Statistics of East Coast Fisheries. 8, p. 22, Pis. 
I.-III. (1890); 0, p. 21, Pis. I., II. (1891); 10, p. 23, 
Pis. I. and II. (1892); 11, p. 23, PI. I. (1893); 12, p. 23 
(1894); 18, p. 17 (1895); 14, p. 17 (1896); 15, p. 17 
(1897); 16, ]^ 17 (1898); 17, p. 17 (1899); 18, p. 19 
(1900); 19, p. 17 (1901); 20, p. 17 (1902). 

19. The Distribution of Immature Sea-fish, and their Capture by 

various Modes of Fishing. 8, p. 157 (1890). 

20. The Spawning and Spawning Places of Marine Food-fishes. 

8, p. 257 (1890). 

21. The Ptt>portional Numbers and Sizes of the Sexes among Sea- 

fishes. 8, p. 348 (1890). 

22. Notes and Memoranda. 8, p. 351 ^1890). 

23. Notes on Contemporary Work relating to Fisheries in this and 

other Countries. 8, p. 359 (1890). 

24. The Chief Fishing Grounds on the East Coast of Scotland, with 

Charts showing their Position and Extent. 0, p. 177, Pis. 
III., IV. (1891). 

25. The Capture and Destruction of Immature Sea-fish. 0, p. 201 

(1891). 
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Fulton, Dr T. WemyBB—continuecU 

26. The Comparative Fecundity of Sea-fishes. 0, p. 243 (1891). 

27 to 31. An Account of Contemporary Scientific flsheiy Work 
and Fisheries in this and other Countries. 0, p. 388 
(1891); 10, p. 327 (1892); 11, p. 486 (1893); 12, p. 383 
(1894); 18, p. 332 (1896). 

32. On Over-fishing of the Sea and the Culture of Sea-fish. 10, 

p. 171, Pis. III., IV. (1892). 

33. Ohservations on the Reproduction, Maturity, and Sexual 

Relations of the Food-fishes. 10, p. 232, PI. VI. (1892). 

34. An Experimental Investigation on the Migrations and Rate of 

Growth of the Food-fishes. 11, p. 176 (1J893). 

35. An Account of the Sea-fish Hatchery at Dunbar. 12, p. 196, 

PI. I. (1894). 

36. The Capture and Destruction of Immature Sea-fish. The 

Relation between the Size of the Mesh of Trawl-nets and 
the Fish Captured. 12, p. 302 (1894). 

37. The Capture and Destruction of Immature Fish. The Relation 

between the Size of Hooks and the Size of Fish Captured. 
18, p. 133 (1896). 

38. The Relation of Marine Currents to Ofl&hore Spawning Areas 

and Inshore Nurseries. 18, p. 153, PI. II. (1895). 

39. Review of the Trawling Experiments of the " Garland " in the 

Firth of Forth and St. Andrews Bay in the years 1886-1895. 

14, p. 128, Pis. I., II. (1896). 

40. The Past and Present Condition of the Oyster Beds in the 

Firth of Forth. 14, p. 244, Pis. X., XI. (1896). 

41. The Currents of the North Sea and their Relation to Fisheries. 

15, p. 334, Pis. X., XI. (1897). 

42. On the Growth and Maturation of the Ovarian Eggs of 

Teleostean Fishes. 16, p. 88, PI. I. (1898). 

43. The Ovaries and Ovarian Eggs of the Angler or Frog-fish 

(Lophiua piacatorius) and of the John Dory (Zeus faber), 

16, p. 125, Pis. II., III. (1898). 

44. On the Migratory Movements and Rate of Growth of the Grey 

or Common Gurnard. 17, p. 210 (1899). 

45. Report of an Inquiry on the Action of the Herring Seine-net. 

18, p. 242 (1900). 

46. Additional Note on the Surface Currents of the North Sea. 

18, p. 370 (1900). 

47. Investigations made on board Steam Trawlers. 10, p. 58 

(1901). 

48. On the Rate of Growth of the God, Haddock, Whiting, and 

Norway Pout. 19, p. 154, Pis. IX.-XVI. (190n. 
49 to 53. Ichthyological Notes. 10, p. 282 (1901); aO, p. 539 
(1902); 21, p. 228 (1903) ; 22, p. 281, PI. XVIII. (1904) ; 
28, p. 250 (1905). 

54. North Sea Investigations. 20, p. 73, Pis. I.-III. (1902). 

55. Rate of Growth of Sea-fishes. 20, p. 326, Pis. XIV.-XXI. 

(1902). 

56. Investigations on the Abundance, Distribution, and Migration 

of the Food-fishes. 21, p. 15, PI. I. (1903). 
57 to 59. Reports on the Operations at the Marine Hatchery, Bay 

of Nigg, Aberdeen. 21, p. 180 (1903) ; 22, p. 262 (1904) ; 

28, p. 120(1905). 
60. The Distribution, Growth, and Food of the Angler. 21, 

p. 186 (1903). 
61 and 62. Trawling Investigations. 22, p. 13 (1904); 28, p. 13 

(1905). 
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Fulton, Dr. T. Wemyea-'continued. 

63. On the Bate of Growth of Fishes. 22, p. Ul, Pis. VI.-XII. 

(1904). 

64. General Index to the Scienti6c Reports of the Fishery Board 

for Scotland, 1883-1904. 28, p. 166. 

Fulton, Dr. T. Wemyss, and Dr. J. H. Fullarton. 

Notes on Contemporary Work relating to Fisheries in this and 
other Countries. 7, p. 384 (1889). 

GHbflon, Dr. John. 

1. Report on the Physical Observations made for the Fishery 

Board for Scotland during the Autumn of 1883 in the 
Moray Firth. 4, p. 189, Pis. VI., VII. (1886). 

2. Report on Observations relating to the Physics and Chemistry 

of the North Sea during 1888 and 1889, and including a 
Review of the Analytical Work hitherto undertaken for the 
Fishery Board for Scotland. 7, p 409, Pis. X.-XIII. (1889). 

GHbson, Dr. John, and Dr. H. R. Mill. 

1. Report on the Apparatus required for carrying on Physical 

Observations in connection with the Fisheries. 6, p. 309, 
Pis. IX., X. (1888). 

2. Report on a Physical and Chemical Examination of the Waters 

in the Moray Firth, and the Firths of Inverness, Cix)marty, 
and Dornoch. 6, p. 313, Pis XI.-XIV. (1888). 

Oray, David. 

^Totes from Personal Observations on the Habits of the Greenland 
Whalebone Whale. 7, p. 365 (1889). 

Greenfield, Professor W. S., and Dr. John GHbson. 

Further Report on the Eyamination of River Waters for Micro- 
organisms. 5, p. 331 (1887). 

Greenfield, Professor W. S., and Dr. G. Sims Woodhead. 

Further Report on the Examination of River Waters for Micro- 
organisms. 4, p. 176 (1886). 

Halliburton, Dr. W. D. 

On the Blood of Nephropa norioegicus, 4, p. 171 (1886). 

Heincke, Professor Friedrioh. 

The Natural History of the Herring. 17, p. 274 (1899). 

Herbertson, Dr. Andrew J. 

Report on the Physical Observations carried on by the Fishery 
Board for Scotland during 1893. 18, p. 302 (1895). 

Hoyle, Dr. William E. 

Report on the Biological Investigations on the Sea to the West of 
Lewis during July and August 1887. 6, p. 216, PI. XV. 
(1888). 

Kyle, Dr. Harry M. 

1. Report on the Pelagic Ova, Larvse, and Young Fishes procured 
by the s.s. ^^ Garland'' during the greater part of 1896. 
15, p. 246 (1897). 
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2. Note on the Reprodactire Organs of a Hermaphrodite Ling. 

15, p. 396 (1897). 

3. On the Post-lanral Stages of the Plaice, Dab, Flounder, Long 

Rough Dab, and Lemon Dab. 16, p. 225, Pis. X., XI. 
(1898). 

4. Contributions towards the Natural History of the Plaice. 18, 

p. 189, Pis. IX., X. (1900). 

5. The Classification of the flat-fishes {HeteroMomata). 18, p. 335, 

Pis. XL, XIL (1900). 

Lawrenoe, George. 

Note on a Tumour found attached to the Stomach of a Saithe. 

13, p. 236 (1895), 

M'LoLtosh, Professor W. C 

1 to 5. Reports of the St. Andrews Marine Laboratory. 2, p. 47 
(1884); 3, p. 55, PI. IL (1885); 4, p. 201, Pi. VIIL 
(1886) ; 5, p. 354 (1887) ; 6, p. 265 (1888). 

6 and 7. On the Pelagic Fauna of the Bay of St. Andrews during 
the months of 1888. 7, p. 259, Pis. III.-VI. (1889) ; 8, 
p. 270 (1890). 

8. Report on the Pelagic Ova, Larval, and Young Food-fishes 

procured by the " Garland." 8, p. 270 (1890). 

9. Further Observations on the Life-histories and Development of 

the Food and other Fishes. 9, p. 317, Pis. X.-XIII. 
(1891). 
10 to 15. Conti-ibutions to the Life-histories and Development of 
the Food and other Fishes. 10, p. ii73, Pla XVI., XVII. 
(1892); 11, p. 239, Pis. VIIL-XIL (1893); 12, p. 218, 
Pis. II.-IV. (1894); 13. p. 221, Pis. VI.-VIII. (1895; 

14, p. 171 (1896) ; 15, p. 194, Pis. V.-VIL (1897). 

16. The Pelagic Fauna of the Bay of St. Andrews. 11, p. 284 

(1893). 

17. Remarks on Trawling. 12, p. 165 (1894). 

Maolapgan, Nellie. 

List of Edible British Fishes, with their English, Latin, French, 
Italian, and German Synonyms. 2, p. 74 (1884). 

Maitland, Sir J. R. Q., Bart. 

Note on the Intercrossing of Members of the Genus Saimo. 7, 
p. 382 (1889). 

Masterman, Dr. Arthur T. 

1. General Report on the Pelagic Eggs, Larval, and Young Fishes 

procured by the "Garland " in 1892 and 1893. 11, p. 250 
(1893). 

2. On the Skeleton of the Tunny. 12, p. 272, Pis. XI., XII. 

(1894). 

3. On tne Bate of Growth of the Marine Food and other Fishes. 

18, p. 289 (1895). 

4. On Hermaphroditism in the Cod. 18, p.' 297, PI. XIV. (1895). 

5. On the Rate of Growth of the Food-fishes. 14, p. 29^ 

Pls.XII.,XIlLa896). 

6. A Review of the Work of the " Garland " in connection with the 

Pelagic Eggs of the Food-fishes (1890-96). 15, p. 219 
(1897). 
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Matthews, J. Duncan. 

I. Report on the Bprat Fishing during the Winter of 1883-84. 

2, p. 48, PI III. (1884). 
2 and 3. Report as to Variety among the Herrings of the Scottish 

Coasts. Part I. 4, p. 61 (1886) ; 6, p. 296 (1887). 

4. Note on the Ova, Fry, and Nest of the Ballan Wrasse (Lafyrua 

maculatu$y 5, p. 245, PL XI. (1887). 

5. On the Structure of the Herring and other Clupeoids. 5^, p. 257, 

Pis. XV.-XVIII. (1887). 

6. The Food of the Whiting {Gadus merlangua). 5, p. 317 (1887). 

MiU, Dr. Hugh Robert. 

1. On the Physical Conditions of the Waters of the Firth of Forth. 

5, p. 349, Pis. XX.-XXIII. (1887). 

2. Report of Physical Observations on ihe Sea to the West of 

Lewis during July and August 1887. 6, p. 349, Pis. XV.- 
XVII. (1888). 

3. Report on the Physical Observations carried on by the Fishery 

Board for Scotland in the Firths of Forth and Tay, and in 
the Clyde Sea Area. 0, p. 353, Pis. XVI., XVII. (1891). 

4. Report on Physical Observations bearing on the Circulation of 

the Water in Loch Fyne in April and September 1896. 
15, p. 262 (1897). 

Mill, Dr. Hugh Robert, and Dr. Andrew J. Herbertson. 

Report <Qn the Physical Observations carried on by the Fishery 
Board for Scotland in the Firths of Forth and Tay, and in 
the Clyde Sea Area, as well as the Observations made on 
board the cruisers *' Jackal'' and ** Vigilant'' round the 
Scottish Coasts. 11, p. 395, PI. XVIII. (1893). 

Milroy, Professor T. H. 

The Physical and Chemical Changes taking place in the Ova of 
certain Marine Teleosteans during Maturation. 16, p. 135 
(1898). 

Murray, Dr. Qeorge. 

Report on Observations on Plant-plankton. 15) p. 212 (1897). 

Murray, J. 

The Fishing Grounds of the Stonehaven District. 6, p. 223 (1 8S8). 

Norman, Rev. Canon A. M. 

On a Crangon, some Schizopoda, and Cumacea new to or rare in 
the British Seas. 4, p. 155 (1886). 

Pearoey, Frederick Q. 

The Echinoderms of the Moray and Cromarty Firths. 20, p. 304 
(1902). 

Prince, Professor E. E. 

1. Notes on the Development of the Angler Fish {Lophiua 

piaeatorius). 9, p. 343, Pis. XIV., XV. (1891). 

2. Some Features in the Egg and Larva of the Skulpin {CaUiony- 

mu8 lyra). 0, p. 349, PI. XIII. (1891). 
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Prinoe, Professor E. E., and Dr. J. Lindsay Steven. 

On two Large Tumours in a Haddock and a Ood. 10, p. 323, 
PI. XVn. (1892). 

Sandeman, Gtoorge. 

1. On the Multiple Tumours in Plaice and Flounders. 11, p. 391, 

PI. XVII, (1893). 

2. On a Tumour from a Tunny. 11, p. 392, Pi. XII. (1893). 

3. Parasitic Skin Disease in Montagu's Sucker. 11, p. 393, 

PL XVII. (1893). 

4. A Cod with one Eye. 11, p. 394 (1893). 

5. Notes on the Physiology and Pathology of Fishes. 12, p. 291 

(1894). 

Soott, Dr. Thomas. 

1. Notes on the Contents of the Stomachs of Herring and 

Haddocks. 6, p. 225 (1888). 

2. Description of a new Copepod. 6, p. 232 (1888). 

3. A Keyised lost of the Crustacea of the Firth of Forth. 6, 

p. 235 (1888). 

4. Notes on Interesting Fishes. 6, p. 264 (1888). 

5. Some Additions to the Fauna of the Firth of Forth, with Notes 

of some Hare East Coast Forms. 7, p. 311 (1889). 
6 to 12. Additions to the Fauna of the Firth of Forth. 8, p. 312, 

Pis. XII., XIII. (1890); 0, p. 300 (1891); 10, p. 244, 

Pis. VII.-XIII. (1892); 11, p. 197, Pis. II.-V. (1893); 

12, p. 231, Pis. V.-X. (1894); 18, p. 165, Pis. III., IV. 

(1896); 14, p. 158, Pis. III.-IV. (1896). 
13. The Invertebrate Fauna of Inland Waters. Report on 

Loch Coulter and the Coulter Bum, Stirlingshire. 8, 

p. 334 (1890). 
14 to 20. The Invertebrate Fauna of the Inland Waters of Scotland. 

0, p. 269, Pis. v., VI. (1891); 11, p. 220, Pis. VI., VII. 

(1893); 12, p. 284 (1894); 18, p. 237, Pis. IX., X. (1895); 

14, p. 167 (1896) ; 15, p. 316, PL IX. (1897); 16, p. 248 

(1898). 

21. The Marine Fishes and Invertebrates of Loch Vyne. 1&, 

>. 107, Pis. I.-III. (1897). 

22. Notes on the Animal-plankton from H.M.S. «' Research." 15, 

p. 305 (1897). 

23. On the Distribution of Pelagic Invertebrate Fauna of the Firth 

of Forth and its vicinity during the seven years from 1889 
to 1895, both inclusive. 16, p. 153, Pis. FV.-VII. (1898^. 

24. Some Additions to the Invertebrate Fauna of Loch Fyne. lo, 

p. 261, Pis. XIL-XV. (1898). 

25. The Invertebrate Fauna of the Inland Waters of Scotland. 

Report on Special Investigation. 17, p. 132, PI. VII. (1899). 

26. Notes on recent Gatherings of Micro-ci-ustacea from the 

Clyde and the Moray Firth. 17, p. 248, Pis. X.-XIIL 
(1899). 

27. Notes on some Crustacean Parasites of Fishes. 18, p. 144, 

Pis. V.-VIII. (1900). 

28. The Fishes of the Firth of Clyde. 18, p. 272 ^1900). 

29. Notes on some Gatherings of Crustacea collected for the most 

part on board the Fisheiy steamer *' Garland," and ex- 
amined auilug the past year (1899). 18, p. 382, Pis. 
XIII.-XIV.(19C0) 
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Scott, Dr. Thomas— con/tnued. 

30 and 31. Notes on some Parasites of Fishes. 10, p. 120, Pis. 
Vn., VIII. (1901); 20, p. 288, Pis. XII., XIII. (1903). 

32. Notes on Gatherings of Crustacea collected for the most part 

by the Fishery steamer '^ Garland," and the steam trawler 
" St. Andrew," of Aberdeen, and examined during the year 
1900. 19, p. 236, Pis. XVII., XVin. (1901). 

33. Notes on the Gatherings of Crustacea collected by the Fishery 

steamer ** Garland," and the steam-trawlers '' Star of Peace " 
and "Star of Hope," of Aberdeen, during the* year 1901. 
20, p. 447, Pis. XXII.-XXV. (1902). 

34. Observations on the Food of Fishes. 20, p. 485 (1902). 

35. On some New and Rare Crustacea coUectea at various times in 

• connection with the Investigations of the Fishery Board 
for Scotland. 21, p. 109, Pis. II.-VI. (1903). 

36. Some further Observations on the Food of Fishes, with a Note 

on the Food observed in the Stomach of a Common 
Porpoise. 21, p. 218 (1903). 

37. Notes on some Raj*e and Interesting Marine Crustacea. 22, 

p. 242, Pis. XIII.-XV. (1904). 

38. On some Parasites of Fi^es new to the Scottish Marine 

Fauna. 22, p. 275, PI. XVII. (1904). 

39. Observations on some Parasites of Fishes new or rare in 

Scottish Waters. 28, p. 108, Pis. V., VI. (1905). 

40. On some New and Rare Crustacea from the Scottish Seas. 28, 

p. 141, Pis. X.-XIIl. (1905). 

Soott Dr. Thoma&L and Mr. Robert Duthie. 

1 and 2. The Inland Waters of the Shetland Islands. 18, p. 174' 
PI. V. (1895); 14, p. 229, PL IX. (1896). 

3 and 4. An Account of the Examination of some of the Lochs of 
Shetland. 15, p. 327 (1897) ; 16, p. 253 (1898). 

Smith, W. Anderson. 

1 . West Coast Fauna of " Garland " Expedition. 0, p. 297 (1891). 

2. Report on Spanish Sardines. 10, p. 160 (1892). 

3. The West Coast Expedition of the " Garland " during July and 

August 1892. 11, p. 167 (1893). 

4. On Protective Resemblance in the Lumpsucker. 11« p. 390 

(1893). 

Smith, Dr. W. Ramsay. 

1 to 4. On the Food of Fishes. 7, p. 222 (1889); 8, p. 230 
(1890); 0, p. 222 (1891); 10, p. 211 (1892). 

5. A Case of Hermaphroditism in a Haddock. 0, p. 352 (1891). 

Stewart, Professor Charles Hunter. 

Note on the Carbonic Acid and Micro-organisms in the Air at 
various Stations durin^j; the cruise of H.M.S. "Jackal." 
7, p. 472 (1889). 

Stirling, Professor William. 

1. On the Chemistry and Histology of the Digestive Organs of 

Fishes. 2, p. 31, Pis. I., II. (1884). 

2. On Red and Pale Muscles in Fishes. 4, p. 166, Pis. III.- V. 

(1886). 
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Stirling, Frofeaaor Wilhajn— continued. 

3. Some Economic Products from Fiah and Corresponding 
Vegetable Products. 4, p. 256 (1886). 

Tosh, Dr. James R. 

1. list of some of the Pelagic Ova, Larvie, and Young Fishes 

obtained off the East Coast in May, <kc., 1904. 12, p. 300 
(1894). 

2. Oniihe Eate of Growth of certain Marine Fishes. 12, p. 333 

(1894). 

Wallace, William. 

List of some of the Pelagic Ova, Larvae, and Young Fishes collected 
by the "Garland" during the latter half of 1895. 14, 
p. 223 (1896). 

Williamson, Dr. H. Charles. 

1. On the Kate of Growth of certain Marine Food-fishes. 11, 

p. 265 (1893). 

2. List of some of the Pelagic Ova, Larvae, and Young Fishes 

obtained by the s.s. " Garland " and boat " Dalhousie " in 
1894. 12, p, 298 (1894). 

3. On the Anatomy of the Pectoi*al Arch of the Grey Gurnard 

(THgla gur7tardtis)y with Special Reference to its Innerva- 
tion. 12, p. 322, Pis. XIII.-XV. (1894). 

4. On the Reproduction of the Eel. 18, p. 19*J (1895). 

5. List of the Pelagic Ova, Larvfe, and "Young Fishes procured 

by the s.s. " Garland " and boat " Dalhousie." 18, p. 258 
(1895). 
6 On the Variation in Size of certain Pelagic Ova. 18, p. 271 
(1895). 

7. Note on some points in Teleostean Development. 16, p. 211, 

Pis. VIII., IX. (1898). 

8. On the Pelagic Fish Eggs and Larvae of Loch Fjrne. 17, 

p. 79, Pis. II.-VI. (1899). 

9. Contributions to the Life-histories of the Edible Crab. 18, 

p. 77, Pis. I.-IV. (1900). 

10. On the Mackerel of the East and West Coasts of Scotland. 

18, p. 294 (1900). 

11. On the Larvd Stages of Decapod Crustacea. The Shrimp 

(Crangon mUgai-iSy Fabr.). 19, p. 92, Pis. I.-VI. (1901). 

12. A Comparison between the Cod, the Saithe, and the Lythe in 

respect to certain External and Osteological Characters. 
20, p. 228 (1902). 

13. On the Larval and Early Young Stages and Rate of Growth 

of the Shore Crab. 21, p. 136, Pis. VII.-XIII. (1903). 

14. Contributions to the Life-histories of the Edible Crab {Cancer 

pagurua) and of other Decapod Crustacea. 22, p. 100, 
Pis. I.-V. (1904). 

15. On the Post-larval and Early Young Stages of the Witch. 

22, p. 270, PI. XVI. (1904). 

16. A Contribution to the Life-history of the Lobster {ffamarus 

vutgaria), 28, p. 65, Pis. I.-IV. (1905). 

17. A Note on the Hatching of the Crab {Cancer pagurua). 28, 

p. 154 (1905). 
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Wilson, Dr. John. 

1 and 2. Keport on the Development of the Common Mussel. 
4, p. -218 (1886) ; 5, p. 247, Pis. XII.-XIV. (1887). 

Wilson, Peter. 

The Solway Fishing. 4, p. 255 (1886). 



Woodhead, Professor Q. Sims. 

Note on Caseous Tumours found in the Muscles of the Hake, 
p. 76 (1885). 
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GENERAL INDEX. 



Aberdeen Bay, bye-law closing, against 

beam-trawling, (5) 44, (6) 26. 
larval fishes of, (8) 289 ; (11) 264 ; 

(14) 225. 
pelagic eggs of fishes in, (8) 289 ; 

(11)264; (12)300; (14)226. 

physical conditions of, (5) 65. 

post-larval fishes of, (8)289; (11) 

264 ; (14) 226. 
trawling experiments in. Ste * * Gar- 
land." 
trawling investigations in. See 

Trawling investigations. 

trawling stations in, (5) 65. 

young fishes of, (8) 289 ; (11) 264 ; 

(14) 225. 
Aberdeen district, fish landed by net and 

line boats and steam-trawlers, (6) 165. 
monthly ** takes " of fish in, from 

April to December, 1887, (6) 97. 
statistics of fish landed by net and 

line boats and trawlers, (6) 160. 
Aberdeenshire, fishing grounds off, (9) 

Abraalba, (15) 128. 

priamcUicay (15) 129. 

AcatUhias vulgaris. Su Doff-fish, picked. 
AcarUhocercua sordidus, (9) 291 ; (11) 

232. 
Acomthocotyh elegans, (20) 301. 

lobiancoi, (20) 300. 

mmUiceUiiy (20) 300. 

oiigoUnu, (20) 301. 

AcatUhodoris pilo8ay (15) 116. 
Acantholeberis curviroatrisy (13) 245, 250 ; 

(14) 239 ; (15) 330, 333 ; (16) 250, 252 ; 

(17) 141, 144, 145, 184, 200. 
AearUhonotuM otoenii, (8) 328. 

tesludo, (8) 328. 

Aeartia, distribution of, in the Firth of 

Forth, (16) 186. 
bi/Uosus, (10) 244 ; (19) 239 ; (20) 

454. 
clausi, (12) 235 ; (15) 147, 306, 306, 

&c. ; (16) 177, 182 ; (17) 252 ; (19) 239 ; 

(20)604. 



Acfirtia discaudalus, (0) 300 : (10) 245 ; 

(19) 239. 

longirejnis, (10) 244 ; (11) 203 ; (16) 

177. 

Htiiger, (9) 301. 

sp., (16)210. 

AcerabiUlata, (15) 116. 

Acerina vulgaris. See Ruff. 

Acero8 phyllanyjCy (19)236, 261 ; (20)510. 

Acidostoma obe^um, (12) 262; (19) 258; 

(20) 497, 610 ; (22) 267. 
Acipenser aturio. See Sturgeon. 
Achmrn craiichii, (15) 130. 
AchiritKE, (18) 351, 352, 358. 
Achirus, (18) 358. 

Achy-Lochy, Argyle, invertebrate fauna 

of, (15) 318. 
Aclis stipranittdaf (15) 120. 
Acmoia testudinaliSf (16) 122. 
AcofUiophorus eiongatxM, (12) 261 ; (16) 

278. 

omalw, (20) 449, 472. 

scuUUits, (6) 242. 

Acroperua harpce, (8) 339 ; (9) 273, 277, 

292 ; (11) 232 ; (12) 286 ; (13) 188, 246, 

250 ; (14) 168, 239 ; (15) 321, 333 ; (16) 

262, 260; (17) 140, 146, 149, 160. 

lettcocephalxiSt (9) 292. 

nanus, (9) 293 ; (11) 233. 

Actcton tomatUiSf (16) 116. 

Action of li^ht on larvse, (6) 246. 

Actinia equina, (16) 163. 

Actinise, larval, parasitic, en Hydro- 

medusse, (6) 281. 
Actinozoa of Loch Fyne, (15) 163. 

as food for hadaocks, (4 i29 

Adheres percarum, (19) 132. 

AdamsiapalliaUt, (16) 163. 

Adeorbis subcarinatus, (16) 120 ; (20) 

622. 
jEga hicartnala, (16) 135. 

monophthalma, (18) 180. 

stroma, (18) 180. 

tridens, (18) 180. 

JSgirtis punclilucens, (16) 116. 

uEsopia comuta, (18) 359. 

.Etidius armatus, (16) 307, 311, 313 ; (19) 

238 ; (20) 461. 
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Aflalo, MrF. G.,(18)280. 
Age of ood, (19) 228. 

oommon dab at maturity, (20) 371. 

haddock, (19) 214. 

at maturity, (20) 410. 

pUice, (17) 238 ; (20) 357. ' 

at maturity, (20) 359, 360. 

sardine, (8) 374. 

sharp-tailed Lumpenus, (22) 203. 

sprat, (22) 180. 

whiting, (19) 18«. 

at maturity, (20) 400. 

witch. (22) 195. 

Aglaop?ienia myrwphyUumy (15) 164. 
Aglaia complanata, (5) 328 ; (8) 320. 
Agonua cataphraclus. See Armed bull- 
Alaska, Esheries of, (9) 401. 
Alauna roetrata, (6) 253. 
Albino pUice, (22) 286 ; (23) 252. 
Alcyonium dUgitcUum^ (15) 163. 
Alq/onicolafusi/artniSj (14) 164. 

palmatum^ (7) 347. 

AUUria modesta, (8) 331 ; (15) 117. 
Alexia bideniata, (15) 117. 
AlkaUnity of Firth of Forth, (5) 352. 
AUorchestes nils$on%, (6) 246. 
Ahna affinU, (14) 168, 239; (15) 321, 

333 ; (16) 252, 260 ; (17) 140, 149, 155, 

160, 164, 173, 179, 180, 184. 
co9t<Ua, (9) 293 ; (11) 233 ; (13) 188, 

189, 250 ; (14) 168 ; (15) 321 ; (17) 140, 

184. 

exigua, (16) 260. 

/oAxito, (11)234. 

guUaia, (9) 275, 293 ; (11) 233 ; (12) 

286 ; (13) 188, 190, 245, 250 ; (14) 168, 

239 ; (15) 321, 333 ; (17) 140, 145, 150, 

155, 160, 164, 168, 173, 184. 
intermedia, (13) 188 ; (14) 239 ; (15) 

330, 333 ; (16) 252 ; (17) 145, 150, 155, 

173, 184, 200. 

leydigii, (9) 292. 

negUcta, (13) 188, 189, 245, 250, 255; 

(14) 239 ; (16) 259, 260. 
qitadrangularia, (9) 273, 293; (11) 

233 ; (12) 286, 288 ; (13) 188, 245, 250 ; 

(14) 239 ; (15) 321, 333 ; (16) 252, 260 ; 
(17) 140, '160, 165, 160, 164, 168, 173, 
184 ; (20) 505. 

rustica, (13) 188, 189, 245, 255 ; (15) 

318, 321, 326, 333 ; (16) 250, 252 ; (17) 

140, 145, 155, 173, 184, 200. 
tenuicauda, (9) 275, 292; (17) 168, 

184,200. 
Alonella exciaa, (9) 293. 
exigtia, (9) 273, 293 ; (11) 233 ; (13) 

188, 190, 245, 250 ; (14) 168 ; (15) 321, 

333 ; (17) 140, 145, 150, 155, 164, 173, 

184 200. 
nanal (9) 273, 277, 293, 296; (11) 

233 ; (13) 188, 245, 250 ; (14) 168, 239 ; 

(15) 821, 323 ; (17) 141, 145, 150, 155, 
164, 173, 184. 

pyflrwkwi, (9) 293 ; (11)233. 

AUmopiis elangata, (9) 273, 292, 293 ; (11) 
232 ; (12) 286, 288 ; (13) 188, 190, 245, 
250 ; (14) 168, 239 ; (15) 321, 333 ; (16) 
252, 257, 260 ; (17) 140, 145, 149, 160, 
163, 156, 164, 173, 177, 184. 



AUeutha depresta, (6) 241 ; (8) 320 ; (16) 

152 ; (16) 177, 210. 

inUmipta, (6) 241 ; (15) 162. 

purpurocincia, (6)241 ; (19)250. 

Alvania abyasicolay (15) 120. 

eancellata, (15) 119. 

cortiioto, (15) 120. 

reticulata, (15) 119. 

AnuUhia carino-spinom, (7) 321. 
AmathUla homari, (15) 140 ; (16) 170, 

177, 210 ; (19) 263, 271 ; (20) 500, 519, 

525 ; (22) 267. 

sabifU, (7) 321. 

Ameira ambigua, (21) 114. 

elegansy (23) 144. 

exwua, (12) 243. 

exUis, (12) 242. 

Umgicavdata, (10) 250; (15) 149; 

(21) 115. 

longipes, (8) 318 ; (19) 248 ; (21) 114. 

longiremis, (12) 241, 242 ; (15) 149. 

propinqua, (20) 449, 460. 

pjini/o, (21) 114. 

reflexa, (12) 240 ; (20) 503. 

tenuicomit, (20) 449, 459. 

Ammodiscus charoides, (16) 275. 

gordialis, (8) 314 ; (15) 166. 

incerttiSy (7) 314. 

ahoneanus, (16) 275. 

Ammodytes lanceolattis. See Sand-eel, 

greater. 

tobianus. See Sand-eel, lesser. 

Ammopleurops Utcteus, (18) 359. 
Ammotrypane atdogaster, (15) 159. 
Ampelisca cequicomis, (6) 248. 
assimilie, (11) 214 ; (20) 477, 603, 

510, 516, 523. 

6e//»ana, (11) 214. 

bretncamis, (19) 259; (20) 478, 491, 

523, 524. 

eAchrichtii, (15) 138. 

IcBvigata, (6) 230, 248; (11) 214; (15) 

138 ; (17) 264. 
macrocephala, (6) 248 ; (19) 259 ; 

(20) 510, 516, 520, 523, 529. 
spinipes, (11) 214, 215; (16) 138; 

(17) 264 ; (19) 259 ; (20) 477. 496, 516, 

519 ; (22) 257. 
tenuicomis, (6) 248 ; (11) 214 ; (15) 

138. 

typica, (6) 248 ; (15) 138 ; (20) 523. 

sp.. (16)210. 

Amphiflotus C4jrdatu8, (20) 510. 

Amphilochoides boeckii, (14) 159. 

intermedius, (14) 159 ; (19) 236, 260 ; 

(20) 478, 510. 
odmtonyx, (11) 215 ; (14) 159 ; (17) 

265 ; (19) 260 ; (20) 510. 
pusiUus, (11) 215; (12) 263; (17) 

265. 
AmphiJochm manudem, (6) 246 ; (11) 

215; (15) 138; (20) 510. 

sabrino', (8)326. 

tenuimanusy (17) 265 ; (20) 478, 491, 

516, 523. 
Amphioxus lanceolcUus. See Lancelet. 
Amphipoda of Lochs and Inland Waters. 

iSee Fauna, Invertebrate. 

of Firth of Forth, (16) 170. 

of Loch Pyne, (16) 262. 
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Atnphithde UUanna^ (6) 249. 
— — podoceraides, (6) 248. 

rvbricata, (16) 141. 

Amphithopsis IcUipeSy (8) 328. 
Amphiura haUt, (20) 312. 

chioM, (16) 161 ; (20) 314. 319, 324. 

JUifiyrmiB, (15) 161 ; (20) 314, 319, 

324. 

elegoM, (15) 162 ; (20) 312, 319, 324. 

Amphora walUy (9) 274. 
Amynume nigrans, (18) 389. 

sphofrica, (4) 160 ; (6) 239 ; (16) 149. 

Anapaguru8 eJ^'troctcanthtis, (16) 131 ; (20) 

610. 
hyndtnanni, (6) 258 ; (16) 131 ; (20) 

496. 
torw, (6) 258 ; (15) 131 ; (20) 616, 

522. 
Anarrhichas lupus. See Cat-fish. 
Aneeus maxiUaris, (7) 321 ; (15) 136. 
Anchialns agUw, (18) 404. 
Anchorella hrevicollis, (19) 136. 

emarginala, (18) 176. 

otw/M, (19) 133. 

rugoMy (9) 306 ; (18) 176. 

scombri, (19) 136. 

stellata, (18) 178 ; (19) 133. 

uncinala, (9) 306 ; (16) 165 ; (18) 177. 

Anchovies, fisheries for, (8) 352. 

miffratioii of, (13) 333. 

in English Channel, (8) 362. 

in Scottish waters. (8) 15, 361. 

Anchovy, embryo of, (16) 214. 

fishing, relation of temperature to, 

(9) 416. 
life-history and development of, (6) 

306. 

larva of, (16) 216, 216, 217. 

occurrence of, at Aberdeen, (20) 

539. 
occurrence of, in Firth of Forth, 

(20)530. 
occurrence of, in Wigton Bay, (23) 

252. 
researches on, by Marion, (8) 353, 

372. 
spawning period of, (4) 262; (6) 

306. 
AncylopseUa, (18) 356. 
AncylH$ fluviaiUw, (8) 338, 340, 341 ; 

(13)244,249; (16)251. 

lacustris, (16) 320. 

Anderson, M. J. G., (12) 24. 

Mr J. M., (12) 218. 

Anemonia sulcata, (15) 163. 
Anemophila peltata, (21) 129. 
Angel-fish {Rkina squatina, (4) 227 ; (18) 

occurrence of, (20) 541. 

parasites of, (20) 296. 

Angler, monk, or frog-fish {lA)phius 

^scatorius), (18) 276 ; (19) 138. 

ape at maturity, (21) 194. 

change of volume of eggs of, during 

maturation, (16) 142. 

character of yolk in, (16) 118. 

development of, (9) 16, 343. 

distribution of, (21) 186. 

distribution of adult and immature, 

(8) 176. 



Anffler, eggs of, (10) 297 ; (16) 160 ; (21) 

fecundity of, (9) 251. 

food of, (7) 231, 236, 237, 240, 252 ; 

(8) 232, 246, 249, 251, 256 ; (9) 232, 

239, 240 ; (10) 229 ; (20) 486, 492 ; (21) 

186, 195. 

px)wth of, (21) 186, 189. 

intraovarian eggs of, (16) 100. 

larvae of, (21) 189. 

maturation of eggs of, (16) 127. 

mature and immature, (8) 166. 

method of preparing, for market, 

(20) 101. 

migration of, (21) 189. 

ovaries and ovarian eggs of, (9) 246 ; 

(16) 126. 
parasites of, (9) 306 ; (18) 157, 181 ; 

(19) 138; (22) 277. 
proportion of males to iemalee, (8) 

349; (10)239. 
size at maturity, (10) 238; (21) 

194. 

spawning of, (7) 197 ; (21) 189. 

young, measurements of, (21 )187. 

scarcity of, (8) 177 ; (21) 187. 

Anguilla ^^ulgaris. See Eel, common. 
Animal colouring matters, (7) 386. 
Ankerkuil fishery in Holland, (6) 307. 
Annelid parasites of SagiUa, (14) 165. 
Annelids and other forms as bait, (6) 

298. 

as food of cod, (4) 136, 14.5. 

as food of haddocks, (4) 129. 

as herring-food, (4) 126. 

Afwdonla cygncta, (9) 271 ; (17) 159, 186. 
Afiomalocera patersonii, (4) 160 ; (6) 238^ 

(16) 147 ; (16) 177, 188, 189, 210 ; (17) 

252 ; (19) 239. 
Anomia ephippium, (7) 347 ; (15) 123. 

paUlli/ormiSy (16) 123. 

Anonyx ampulla, (7) 320 ; (11) 212. 

detUiculaius, (8) 326. 

edwardsii, (6) 246. 

holboUi, (6) 230 ; (8) 326. 

/ongipes, (7) 320. 

ntH^oa;, (11)212; (19)258; (22)243, 

256. 
Anstruther district, fish landed by net, 

line, and steam-trawl boats in, (o) 136. 

monthly " takes " of fish in, (6) 117. 

monthly ** take " of line and net 

boats from inshore grounds, (6) 168. 

statistics of fish caught in, (6) 117. 

total quantity of wmte fish landed 

by net and line boats in 1884, 1886, 

1886, 1887, (6) 187. 
Antedon hifda, (16) 161. 

rosacea, (6) 230. 

Anthocotyle merluceii, (19) 148. 
Anthosoma crasstim, {23) 112. 

smUhi(2S) 112. 

Anurau aculeata, (9) 280. 

cochlearis, (9) 280. 

Aora gracilis, (6) 248 ; (16) 140 ; (20) 

623. 
Apherusa bispinosa, (16) 139 ; (16) 170, 

210 ; (20) 516. 
borealii, (12) 264 ; (16) 170, 210 ; 

(19)262; (20)491,516,627. 
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Aphoristia omata, (18) 359. 
Aphrodite acuUcUa, (15) 160. 

8p., (6)230. 

Aphya pellucida, spawning period of, (4) 

245. 
Apionkhthya, (IS) 358. 
Aplyaia punctata, (15) 116. 
Aporrhiis pes-pelicani, (15) 118. 
Apstein, Dr, (17) 100. 
Araehnactis, sp., (15) 307, 308, 310. 
Area pectunctUotdes, (20), 449. 
Archer, Mr Walter, (12) 294, 297. 
Arcturella dilatata, (19) 236, 271 ; (20) 

497 ; (23) 151. 
ArcturuB gracilis, (6) 252. 

intermedia, (6) 252. 

longicamis, (6) 252. 

Area of closed waters in Firth of Forth 

and St. Andrews Bay, (14) 130. 
Arenicola, See Lobworm. • 
Argentina situs. See Smelt, greater 

silver. 
Argentina sphyrcena. See Smelt, lesser 

silver. 
ArgiUada cylindrica, (7) 319 ; (15) 142. 
Argina pesccUa, (7) 341. 
Argisaa hamatipes, (11) 213, 214; (16) 

170, 177, 210 ; (17) 265 ; (18) 401 ; (19) 

259 ; (20) 513, 516, 527. 

typica, ill) 2\Z, 

Argvlus fotiaceus, (18) 179. 

Armed bullhead or pogge {Ag<mus cataph- 

ractus), (4) 232 ; (9) 310; (15) 110; (18) 

276; (21)74; (23)157. 

age when first mature, (21) 77. 

e^ of, (3) 60. 

distribution of, (21) 74. 

distribution of adult and immature 

of, (8) 177. 

fecundity of, (9) 250. 

food of, (20) 486, 492. 

growth of, (12) 334 ; (21) 76. 

mature and immature, (8) 177. 

parasites of, (18) 162 ; (19) 141. 

post-larval forms, (7) 308. 

proportion of sexes in, (21) 74. 

relation of length to weight, (22) 

239. 

size at maturity, (10) 238. 

spawning of, (7) 197 ; (13) 230; (21) 

74. 

vitality of eggs of, (13) 230. 

Amoglossus grohmanni, (18) 357. 

latema. See Scald-fish. 

megastoma. See Meffrim. 

Arpactictts nobilis, (21) 130. 

Artificial hatching and rearing of sea-fish. 

See Hatching. 

baits, (7) 352. 

Artotrogus hoeckii, (6) 242 ; (11) 210. 

magniceps, (4) 154 ; (6) 233, 242. 

narmani, (6) 232 ; (20) 473. 

orbicularis, (15) 154 ; (16) 272 ; (18) 

400. 
papiOatus, (6) 232, 283, 234, 242; 

(17) 262, 263. 
Asddia intestinalis, (9) 301. 

mentula, (15) 114. 

Ascidicola rosea, (6) 239 ; (15) 149 ; (20) 

525. 



AscidieUa scabra, (15) 114. 

virginea, (16) 114. 

Ascomyzon echinicola, (11) 210. 

omatus, (20) 472. 

simulans, (16) 270. 

Ascroft, MrR.L.,(ll)489. 

Asellopsis hispida, (8) 318. 

AseUus aquaticus, (13), 249; (17) 139, 

167, 168, 186. 
Aspidiscus fasciatus, (10) 258. 
Aspidoecia normani, (16) 279 ; (17) 268 ; 

(20)480; (22)254. 
Aspidophryxus peltatus, (15) 169 ; (18) 

403. 
Astacilla, sp., (20) 497. 

omrt/w, (6) 252. 

tntermedia, (6) 262 ; (19), 271. 

longicomis, (6) 252 ; (15) 136. 

Astacus gammarus, (15) 131. 
Astarte compressa, (15) 125. 

eUiptica, (16) 125. 

sulcaia, (16) 125. 

triangularis, (15) 125. 

Asterias glacialis, (15) 161. 

murrayi, (15) 161 ; (20) 111, 319, 324. 

rubens, (15) 161 ; (20) 311, 319, 326. 

spawning period of, (4) 216. 

var. attenuata, (20) 311, 319, 

324. 
Asterumella formosa, (9), 274, 282. 
Asteroeheres echinicda, (16) 270; (18) 

iuijeborgi, (16) 270. 

violaceus, (16) 270 ; (20) 472L 

AiterompfujUus atlanticus, (16) 297. 

heptactis, (15) 297, 298. 

ralfsianum, (16) 297. 

Asterope tnarice, (8) 325 ; (16) 145 ; (20) 

497. 511, 517. 

teres, (5) 328 ; (15) 145. 

Astronyx loveni, (20) 313, 319. 
Astropecten irregularis, (20) 307, 319, 

324. 

limicola, (7) 113 ; (16) 166. 

Astrorhiza arenaria, (19) 236, 257. 
Atelecydus heterodon, (6) 257. 

aeptemdentatiis, (6) 257 ; (19) 279. 

Athelgespaguri, (6) 251 ; (15) 136. 
Atheresthes stamias, (18) 352. 
Atherina hepsetus, eggs of, (9) 419. 

fishery for, in France, (9) 419. 

presbyter. See Smelt, sand. 

Atlantic water in North Sea, (12) 362. 
AttheyeUa crassa, (12) 286, 288 ; (13) 188, 

244, 249 ; (14) 168, 239 ; (16) 320, 332; 

(16) 252, 260 ; (17) 140, 146, 148. 
cryptorum, (11) 226, 227, 228, 229, 

236. 

cuspidatum, (16) 260. 

duthiei, (14) 239, 241 ; (17) 159, 164, 

183 189. 
inacandrewoi, (13) 249. 263; (14) 

168, 169. 

propinqua, (11) 227, 236. 

pygmasa, (12) 286; (13) 188, 244, 

249 ; (14) 168, 239 ; (15) 330, 331, 332 ; 

(16) 262, 260 ; (17) 140, 145, 150. 
spinosa, (9) 272, 276 ; (11) 225, 227, 

229,236. 
zschokkei, {1%) 188, 244, 249; (14) 
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239 ; (15) 320, 332 ; (16) 252, 260 ; (17) 

140, 145, 159, 164, 168, 173, 183. 
Atwater, Professor : Ezperimente on the 

digestibility and composition of fish, 

(5)222. 
Atylua bispinomSf (6) 247. 

stoammerdamii, (6) 247. 

— -^ vedlomeTisis, (7) 321. 
Aurelia aurUa, (15) 136 ; (16) 210. 
AurictUina insculptk, (15) 121. 

obliqua, (15) 121. 

Austria as a market for Scottish-cured 

herrings, (7) 168. 
Autumn spawning of cod, (23) 253. 
Autonoe longipes, (14) 161 ; (20) 503. 
Axinus croultneims, (15) 127. 

ferruginosus, (15) 127. 

fkxuosua^ (15) 127. 

Azevia, (18) 356. 



Bacillus JlavuB gelcUinosvs^ (6) 210. 

puncti/ormans, (6) 210. 

rubtacens, (6) 205, 212. 

Bacteria, forms of, observed in river 

water, (4) 177, 183 ; (5) 331. 

in living fish, (6) 287. 

in water of Tay, (4) 187. 

Bacteriastrum delicatulum, (15) 298. 

varians, (15) 214. 

Bacterium tnnofmno^tim, (6) 210. 

rubiginosum, (6) 208. 

BM^-net fishing, destruction of young 

fishes by, (4) 206 ; (8) 190 ; (23) 156. 

for sprats, (4) 205 ; (23) 161. 

Baff-nets, (10) 172; (23) 161. 

Bam, Mr Walter, (8) 23, 257 ; (9) 21, 

177; (10)23; (11)24. 
Baird, Professor Spencer, (5) 234 ; (6) 

14, 301. 
Bairidia complatuUa, (15) 142. 

inflata, (8) 321 ; (16) 263 ; (19) 256. 

Bait, annelids as, (6) 270. 

artificial, (7) 352, 353 ; (8) 362. 

Buccinum undatum as, (7) 347, 352, 

356. 

bullock's liver as, (7) 354. 

clam as, (7) 352, 354, 356. 

cockle, (7) 328, 352, 354, 356. 

crabs as, (18) 140. 

cutUe-fish as, (7) 364. 

deficiency of, (6) 11, 12, 22. 

earthworms as, (7) 354, 356. 

enquiries into the supplies of, (7) 1 1. 

experiments on preserving mussels 

for (5) 358. 
experiments on the value of difierent 

baits, (7) 352. 

fisheries, (9) 17 ; (10) 16. 

Helix aiperm as, (7) 356. 

nemoralis as, (7) 356. 

herring as, (7) 352, 354, 356. 

limpet as, (7) 352, 354, 356. 

ling as, (7) 356. 

lugworm as, (7) 352, 354, 356. 

lumpsucker ova as, (6) 273. 

mussel as, (7) 354. 

mussels preserved in boracic acid 

as, (7) 854. 



Bait, Nephropa norveyicus as, (7) 356. 

sheU-fishes as, (4) 217 ; (6) 273. 

snails as, (7) 354. 

Sden siliqua as, (7) 352. 

squid as, (7) 352, 356. 

whelk as (7) 354. 

Baited hooks, injuries to, (4) 203. 
Balani, (6) 262 ; (16) 201, 202, 208 ; (20) 

533. 
Balanoglossus, (7) 387. 
Balanus {Cypris stage), (20) 489, 492, 495, 

500, 501, 503, 505, 507, 511, 517, 620, 

521. 

balanoides, (6) 236, 251; (15) 165. 

crenatua, (6) 237 ; (15) 155. 

hameri, (6) 237 ; (16) 155. 

porcatus, (6) 236 ; (15) 155. 

tintinnabulum, (6) 237. 

BaUan wrasse. See Wrasse, ballan. 
Ballantrae Bank, alleged injurious action 

of herrins seine at, (18) 259. 
herring spawning ground at, 

(2) 65. 
as spawning ground for Loch 

Fyne herrings, (18) 263, 260. 
herring fishery, statistics of, 

(18) 261. 

herring fishing at, (4) 57. 

seine-net fishing at, (11) 5 ; (12) 18; 

(13) 13 ; (14) 14. 
Baltimore Fishery School, (6) 301. 
Barra, cockle-becis of, (8) 19. 

mackerel of, (12) 17 ; (13) 13. 

Barrett, Dr W. H., (3) 70. 
Basking shark. See Shark, basking. 
Bass {Ldbrax lupus), (6) 275 ; (21) 229 ; 

(23) 109, 117. 

spawniiu[ period of, (4) 244. 

Bateson, Mr W., (7) 385 ; (8) 362. 
BcUhyporeia norvegica, (11) 213; (19) 

259 ; (20) 477, 516, 535. 

pe/oflrtca (11) 213. 

pUoaay (6) 246 ; (11) 213. 

robertaonti, (11) 213 ; (15) 137. 

sp.,(16)210. 

Bay of Biscay, statistics of catches of 

trawler at, (20) 135. 
Beam-trawl, action of, on eggs of herrings, 

(3)58. 
efficiency of, compared with otter- 
trawl, (20) 118, 123, 124, 125; (21) 30. 

vitality of fish caught by, (8) 183. 

nets, new inventions, (7) 29. 

Beam-trawlers, fish landed by, (10) 13 ; 

(11)11,27; (12)181. 

illegal operations of, (9) 3, 4, 6. 

statistics of, (9) 89 ; (12) 177. 

Beam-trawling. See aUo Trawling. 

(7) 2; (10) 10, 16, 181 ; (11) 9, 10. 

area of water closed to, (12) 8. 

capture of immature fish by, (8) 

179; (9)29. 
efifect of, on eggs of fishes and 

youns fishes, (12) 193. 
effect of, on invertebrate fauna and 

fish-food, (12) 184. 

enquiry on influence of, (14) 10, 17. 

inffuenoe of, (15) 8 ; (8) 8 ; (12) 8. 

in Ireland, enquiry on, (8) 3^1. 

investigations of, (13) 11, 17. 
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Beam-trawliiiff in relation to the fishing 

grounds and fishes, (12) 176. 
quantities of fish caoght by, (9) 

24,26. 

regulations of, in Ireland, (12) 388. 

regulatimis remtiing, (12) 9. 

report on, (9) 21 ; (10) 23, 

resnlt of closure of inshore waters 

to, (12) 167. 
Beard, Dr John, (8) 15, 300. 
Beaumont, Dr, experiments on digesti- 
bility of fish, (5) 223. 
Bela trtvelyana, (15) 118. 

turricola, (16) 118, 

Belgium as a market for Soottish-oured 

herrings, (7) 166. 
destruction of immature fish in, 

(8) 374. 
enquiry on the destruction of im- 
mature fish in, (9) 416. 

fishery enquiries in, (9) 416. 

BeUia areftaria, (10) 264. 
Belone vulgaris. See Crarfish. 
Beiieden, Professor van, (9) 416. 
Bergylt. See Haddock, Norway. 
Berry, Mr, Danish Consul-General, (13) 

11. 
Bib, brassie, or whiting-pout {Gadns 

luscus), (18) 282. 

caught by bait, (7) 356. 

eggs of. (4) 212; (8) 28; (16) 91, 

114, 116; (17)82-84,93,94,96, 104, 106. 

fecundity of, (9) 256. 

food of, (6) 240 ; (8) 251 ; (20) 486, 

511; (21)221. 

in Loch Fyne, (4) 232 ; 15, 111. 

mature and immature, (8) 177. 

parasites of, (19) 141 ; (22) 278 ; (-23) 

108, 113. 
proportion of males to females, 

(8) 349. 
question of specific distinction from 

poor-cod, (4) 206. 

sexual proportions of, (10) 239. 

spawning of, (7) 197 ; (8) 268. 

spawning period of, (4) 247 ; (17) 98. 

BiddvUphia, sp., (15) 2ia 

Bi^trix, M., (9) 418. 

BUoculina d^^in-essa, (7) 312 ; (15) 165 ; 

(20) 510, 537. 

ekmgaia, (7) 312 ; (15) 165. 

obkmga, (20) 510. 

ringena, (7) 312 ; (15) 165. 

aubrotunda, (20) 610. 

Bimaculated sucker (L^MdogtMler bima- 

crilatw), (15) 257, 259 ; (17) 126. 

development of, (14) 178. 

effffs of, (3) 60. 

Binnie, MrT., (9) 311, 389. 

Biological station at Puffin Island, work 

of, (9) 393. 
Black Loch, Argyllshire, invertebrate 

fauna of, (15) 318. 
Bhick-mouthed dog-fish. See Dog-fish, 

black-mouthed. 
Black sole. See Sole. 
Blanohard, Dr R., (9) 421 ; (13) 165. 
Blenmus pholis. See Shanny. 
Blenny, shaip-tailed. See Lumpenus, 

sharp-tailed. 



Blenny, viviparous (Zoarcea mviparmM)y 

(18) 280. 

eg«of,(4)213. 

embryo of, (3) 57. 

food of. (-20) 486. 501. 

food of young of, (3) 68. 

sexual proportions of, (10) 230. 

spawuiiu; period of, (4) 245. 

young of, (3) 57. 

YarreU's {Chiroi<n)kit galerita), (4) 

213, 222, 232; (6) 276; (8) 358; (15) 

110; (18)280. 
Blood of Nephrops norvegicuM, (4) 171. 
Blue shark. See Shark, blue. 
Boar-fish {C<iproi aper), ^pawning period 

of, (4) 245. 
Boeckia arenicola, (10) 262 ; (18) 399. 
Bodotria arenoM, (6) 253 ; (19) 273. 

acarpioides, 20, 510. 

Bohuslin, fisheries of, (9) 408. 
BoHrina dUaUUa, (7) 315 ; (16) 27a 

lamgata, (16) 276. 

p^iorfo, (16) 276. 

punctata, (7) 315 ; (16) 276. 

Bolocera tuedia:, (15) 163. 
Bomolochus oium, (20) 288 ; (23) 110. 
MlMi, (11) 212 ; (18) 146 ; (19) 121 ; 

(20) 288 ; (23) 106. 

zengopteriy (20) 290. 

Bonito {Thynunt pelamy), (18) 277. 

belted {Pdamy9 sorda), (IS) 277. 

Boopsetta, (18) 361. 

Bopyrcidts hippolytis, (17) 266. 

Boracic acid, curing of dried fish with, 

(6) 212. 
Bareophauma inermis, (7) 327. 
rwfchii, (4) 157 ; (6) 254, 256 ; (7) 

324; (8)330; (15) 133; (16) 158, 160, 

209; (17) 267. 

as herring.food, (4) 123, 124. 

Bor|;er8, M. Auguste, (9) 207, 416. 
Bonng worms, (4) 217. 
BOTo£ne,DrN., (12)404. 
Bosmina longirostris, (9) 273, 280, 282, 

291 ; (12) 286, 288 ; (13) 188, 245, 250; 

(14) 168, 239 ; (15) 321, 333 ; (16) 252, 

258, 260 ; (17) 138, 140, 145, 149, 155, 

164. 168,173, 184; (20)505. 
Umguipina, (9)282, 291; (11)231; 

(14) 168, 239 ; (16) 260 ; (17) 138, 140, 

148, 153, 164, 171, 173, 176, 177, 178, 

179, 181, 182, 184. 
Boston fish bureau, report of, (13) 338. 
Bot€u:hus q/lindratua, \\5) 148. 
Boihinct, (18) 351. 
Bolhriocephalus laius, (9) 273. 
Bothns maximus. See Turbot. 

rhombiu. See Brill. 

BottyUophUus ruber, (18) 388 ; (19) 242. 
Bottemanne, Mr C. J., (10) 350. 
Bouchdt system of mussel culture, (7 

331,334; (8) 17; (9)212. 

cost of, (9) 218. 

mussel culture and the Bouohdt 

experiments at St. Andrews, (9) 16, 

212. 
Boulenger, Mr, (18) 335. 
Bounty system in Canada, (12) 391. 
Bourne, Mr GUbert C, (6) 298 : (7) 384, 

387 ; (8) 361. 



Digitized by 



Google 



of the Fishery Board for Scotland, 



183 



Brachidia bispinoaa, (19) 132. 

impudica, (J 8) 169. 

insidiaaa, (18) 175. 

merluceii, (IS) 176. 

avalis, (19) 133. 

paatinacce, (22) 276, 278. 

rottrata, (18) 174. 

triglce, (19) 133; (23) 116. 

Brachiopoda of Loch Fyne, (16) 129. 

BrachypUvra, (18)361. 

Brackish water, cmstacea of, (16) 317. 

Brady, Sir Thomas, (8) 21 ; (9) 20. 

Professor G. S., (5) 328 ; (6) 29, 232; 

(9) 269 ; (10) 244. 
Bradya eUgans, (13) 166 ; (16) 149 ; (19) 

247. 

fusca, (13) 166. 

hirwta, (13) 166 ; (17) 263 ; (19) 247. 

minor, (13) 166; (21) 113. 

similis, (16) 149 ; (19) 248. 

/ypkra. (13)116; (17)253; (19)247; 

(20) 503, 617. 
BradyidiuB armaius, (16) 264 ; (17) 248« 

270 ; (18) 383 ; (19) 238 ; (20) 451. 
Bradypontius chdiftr, (17) 262. 

magmceps, (15) 164 ; (20) 473. 

normani, (16) 164 ; (20) 473. 

papiUattis, (17) 262. 

Brain of sand-eel, development of, (13) 

276. 
Brama rait. See Bream, Ray's. 
BrcmcJiiosU>malanc4okUum, i^Lancelet. 
Brand, herring, complaints regarding 

trustworthiness of, (7) 170. 
Brassie. See Bib. 
Bream, black sea (CatUharus linecUw), (4) 

244 ; (20) 640. 
common sea- {PageUua cerUro- 

dontuB), (4) 244 ; (18) 274. 

Ray's {Brama rati), (18) 277. 

Brill (Rhombns Icevia, Boihus rhombus), 

(18) 257, 286 ; (21) 61. 

development of, (9) 317 ; (10) 294. 

distribution of, (21) 61. 

distribution of adults and immature, 

(8) 172. 

distribution of eggs of, (16) 242. 

distribution of young, (10) 280. 

eggs of, (16) 91, 114, 116; (17) 83, 

93. 

fecundity of, (9) 262. 

food of, (7) 240 ; (21) 62. 

growth of, (9) 391 ; (11) 196. 

mature and immature, (8) 172. 

migrations of, (21) 61. 

parasites of, (18) 164 ; (19) 141. 

post-larval forms of, (7) 3&J. 

sexual proportions of, (8) 349 ; (10) 

239. 

size at maturity of, (10) 238. 

sise-limit between mature and im- 
mature, (22) 18. 
spawning period ol, (4) 250; (7) 

192 ; (8) 266 ; (10) 232, 234 ; (16) 243 ; 

(17) 98. 

young of, (11)246. 

Brieaopns lyrifera, (7) 316; (16) 162; 

(20) 317, 319, 324. 
Brodick lobster pond, (18) 119; (12) ; 

(14) 14, 190. 



Brook, Mr George, (8) 32 ; (4) 31, 128, 

134, 222, 231, 242 ; (6) 326, 347 ; (8) 363. 
Brosmiiis brosme. See Tusk. 
Brown, Dr H. Reynolds, (12) 297. 
Buccinttm undatum, (16) 118; (20) 607, 

611. 

as bait, (7) 347, 362, 356. 

egg cases of, (7) 337. 

Buch, Mr, (6) 16. 

Buchan Deep, (9) 181. 

Buckhaven haddock and cod line fishery, 

(6) 96, 96 ; (7) 9 ; (8) 29 ; (9) 28 ; (10) 

29; (11)30; (12)31; (14)28. 
Buckland, Mr F., (10) 173. 
Buyula turhinata, (15) 166. 
Btdimina elegans, (8) 315. 

elegaiUissima, (8) 316 ; (16) 276. 

fwiformia, (8) 316. 

margintUa, (15) 166. 

pupoides, (7) 315 ; (8) 816. 

Bulla ulriculus, (6) 265 ; (15) 116. 
Bullhead, Norway (CoUus lilljeborgii), 

,(18) 276. 
Burbot {Lola tmlgaris), (4) 249. 
Burdett-Coutts, Baroness, (6) 301. 
Burghead Bay, deep-water fishes present 

in, (21) 35. 
trawling investigations in. See 

Trawling investigations. 
Butter-fish. See Gunnel. 
Byblis gaimardi, (6) 248 ; (19) 236, 260. 
Bye-law closing the Firth of Forth, St. 

Andrews Bay, and Aberdeen Bay to 

beam-trawling, 1886, (5) 44. 
Bye-laws concerning trawling, (6) 44 ; (6) 

2, 28; (7) 16; (8) 22 ; (11) 9, 23. 
Byrne, Mr W.L., (20)641. 
Byihocyihert constricta, (7) 318; (15) 

144. 

recta, (8) 324. 

simplex, (6) 244 ; (16) 145 ; (20) 608, 

611, 620, 523. 
turgida, (8) 324; (16) 144; (20) 

497, 611, 620. 
Bythoirephes cederatromii, (9) 295. 
Umgimantu, (9) 273, 280, 295 ; (11) 

234; (12) 286; (14) 168; (17) 138, 

144, 148, 153, 163, 171, 176, 177, 178, 

179, 181, 182, 185, 201. 



C(^cfim glaJbrwm, (16) 119. 

Cadtdxis sub/usiformis, (20) 449. 

Caine, Mr W. S., M.P., (12) 287. 

CJaithness, hauls off, (21) 18. 

Calanus dongatus, (18) 38a 

Jinmarchicus, (6) 228, 237 ; (10) 246 ; 

(16) 146, 306, 306, 387-312 ; (16) 177- 

180, 207, 210 ; (17) 114 ; (20) 491, 494, 

600, 604, Ac 

as herrinff-food, (4) 126. 

distribution of, in Firth of 

Forth, (16) 180. 

pelagic earn of, (8) 363. 

hyperbareus, (20) 460. 

parvtuf, (17) 248 ; (18) .383. 

Calderwood, Mr W. L., (4) 102, 147, 228; 

(6) 45 ; (6) 263 ; (7) 183 ; (9) 331, 391 ; 

(11) 490. 
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CcUigus abbreviatus, (23) 100. 

brevipedis. (20) 291 ; (23) 110. 

crasmts, (23) 112. 

curtus, (18) 148. 

diaphanus, (9) 304 ; (18) 149. 

iamyxy (9) 310 ; (18) 149. 

muUeri, (9) 306 ; (18) 148. 

minimusy (23) 

minuius, (23) 109. 

normanniy (18) 151. 

obacunia, (18) 153. 

producttts, (19) 124. 

rapax, (9) 305 ; (16) 156 ; (16) 177, 

190,210; (18) 148. 

scombri, (19) 124. 

CcUigidium vagabundum, (20) 473. 
CcUocaris macandrti, (6) 266 ; (15) 131 ; 

(20) 448, 480. 
CalUanassa aubterraiiea, (19) 278. 
CaUiaxis adriatica, (18) 406. 
CaUicotyle hroyeri, (20) 299, 636. 
Calliobdella laphii, (19) )38. 
CaUumymus lyra. See Dragonet, gem- 

meous. 

maculatus. See Dragonet, spotted. 

GalUoptJingaUi, (8) 328. 

osaiani, (8) 328. 

Calliopitts bidentcUus, (6) 247. 

Iffvhufculus, (6) 247 ; (20) 500. 

rathkeiy (14) 160. 

CaUiaoma crenataA'l)S\9 ; (15)137; (16) 

170, 176, 210; (J8) 181 ; (20) 516. 
CaUiaia gigantea, (7) 341. 
Campbell, Captoin R., (11) 24 ; (12) 24 ; 

(13) 18, 165. 
Campanularia verticillcUay (15) 164. 
Campiocercus macrurusy (11) 232; (12) 

286 ; (13) 246 ; (15) 330, 311, 333. 
rectiroatria, (17) 140, 155, 171, 173, 

179, 184, 200. 
Campylaapia c^nia, (8) 330. 

coaUUa, (16) 135 ; (19) 236, 276. 

rubieunday (8) 330; (16) 136; (16) 

167, 209 ; (17) 267 ; (18) 403 ; (19) 236, 

276; (20)610. 
Campylodiacua coatatua, (9) 274. 
Canada, enquiry regarding the core of 

herrings, (8) 364. 

fisheries of, (12) 390. 

fishery work in, (8) 364 ; (9) 396 ; 

(10)334; (11)493; (12)390. 
— >— lobster fisheries of, (6) 192. 
money spent on fisheries in, (12) 

390. 

statistics of fisheries of, (9) 396. 

Cancer maxillariay (7) 321. 

pagvrua. See Crab, edible. 

CanceriUa ttibulatay (11) 211 ; (20) 449, 

473. 

tubuloaay (19) 236 

Cancerina arnfuaay (19) 236, 252 ; (20) 

481. 
Candace pectinatay (8) 317; (10) 246; 

(16) 177, 189, 210 ; (17) 261, 270 ; (19) 

239; (20)617,532; (21)113. 
Candona acuminatay (8) 338, 339, 340, 

341, 344 ; (9) 286 ; (17) 140, 184, 190. 

ambiguay (9) 277, 296. 

candidoy (8) 322, 336, 337, 339, 340, 

341, 343 ; (9) 273, 276, 282, 283, 284, 



286, 288 ; (11) 230 ; (12) 286 ; (13) 188, 
245, 250, 255 ; (14) J68, 239 ; (16) 318, 
321, 333 ; (16) 252, 257, 260 ; (17) 140, 
146, 150, 155, 160, 164, 168, 173, 184. 

Candona campreaaa, (16) 321, 326 ; (16) 
252; (17)140, 164, 184. 

cUtecta, (8) 343. 

diaphanay (8) 344. 

faboiformiay (8) 341, 344 ; (9) 277, 

284 ; (17) 140, 160, 168, 184. 

hyalinay (9) 277, 284, 288 ; (15) 318, 

321 ; (16)250, 252 ; (17) 140, 146, 150, 
173 184 19L 

kingaieiiy (5) 328 ; (8) 336, 337, 339, 

340, 341, 344 ; (9) 273, 277, 282, 284, 
286,288; (11)230; (13)2^; (14)168; 
(16) 321 ; (16) 252 ; (17) 145, 160, 165, 

160, 164, 168, 173, 184. 

lacleay (8) 339, 340, 343 ; (9) 273, 

276, 282, 286, 288 ; (12) 286 ; (15) 318, 
321 ; (16) 262 ; (17) 160, 164, 184. 

lucena, (8) 343. 

pubeacenay (9) 273, 276, 282, 286, 

288,296; (13)245. 

reptanay (8) 342. 

roatratay (8) 336, 337, 340, 341 ; (9) 

276, 284 ; (17) 160, 168, 173, 184. 

aimUiay (8) S42. 

Canthartta lineatuay spawning period of, 
(4)244. 

Canthocamptua brevipea, (11) 235, 236. 

craasuay (11) 235, 236 ; (20) 506. 

cryptoruniy (11) 225. 

cuapidatuay (15) 319, 320, 323, 330, 

331,3;i2; (16)258. 

hiHicomiay (13) 188, 244, 251 ; (14) 

162, 293 ; (15) 317, 330, 331, 332 ; (16) 
261, 262, 257, 260; (17) 140, 183, 189. 

imuay (20) 457. 

inconapicuusy (18) 390 ; (21) 117. 

inomatuay (1.5) 319, 320, 323 ; (16) 

260, 262; (17) 144, 145, 160, 165, 159, 

161, 168, 183, 188. 

minutuay (8) 338, 339, 341 ; (9) 272, 

276, 282, 284 ; (14) 239 ; (15) 318, 320 ; 

(16)252,257,260; (17) 140, 145,150, 

155, 159, 164, 168, 173, 183, 188 ; (20) 

605. 
paluatrxay (9) 302; (14) 239; (15) 

317. 

parvuay (14) 162; (21) 117. 

pygnumuy (11) 236, 2.36. 

achmeUiiy (16) 250, 252; (17) 140, 

141, 164, 172, 173, 183, 188. 
ataphylimuiy (13) 249 ; (14) 167, 168, 

239 ; (15) 320, 332 ; (16) 252, 260 ; (17) 

140, 145, 150, 155, 159, 164, 168, 173, 

183 ; (20) 506. 

zachohkeiy (20) 606. 

Canu, Dr, (11) 16, 346 ; (14) 161. 
CanueUa perplexay (11) 201; (18) 389; 

(19) 245 ; (20) 525. 
CapeUn {Afaliotua villostts) as food for 

cod, (4) 134. 

attacked by squids, (3) 68. 

Caprella acanthijeray (6) 250 ; (16) 141. 

lineariay (6) 250; (16) 141 ; (18) 402. 

lobaiay (6) 250. 

•: aeptentrumaliay (18) 402; (19) 267, 

271 ; (20) 607, 619. 
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Caprella ivbtreukUa, (6) 250. 

typica^ (6) 260. 

Capros aper. See Boar-fish. 

Capture of immature fish. See Fish, 

immature. 
Capture and destruction of immature 

fish, (13) 133. 
Capture of immature fish by different' 

sized hooks, (13) 133. 
Capulus hungarictis, (15) 120. 
Caranx tracHurus, See Horse-mackerel. 
Carcharias glaucus. See Shark, blue. 
Carcinus mcettasy (6) 267 ; (16) 130 ; (20) 

607, 533, 634. 

development of, (21) 142. 

effect of cold on movement of, (22) 

126. 

eggs of, (21) 138. 

external sexual characters of, (21) 

160. 

hatching period of, (21) 137. 

impregnation in, (22) 101, 107. 

larval stages of, (21) 139. 

megalops of, (21) 139. 

moulting of, (21) 173. 

rate of growth of, (21) 163. 

sizes of the different stages of, (21) 

162. 
spawning of, (21) 138, 174 ; (22) 118, 

120. 

zo6aof, (21) 139. 

Cardium, (6) 231 ; (20) 503, 507, 610. 

echinatum, (16) 126 ; (20) 627. 

edide, (15) 126. 

exiguum, (15) 126. 

/(Mciatum, (15) 12a 

nodosum, (8) 330 ; (15) 126. 

papOlosum, (15) 126. 

. See also dJockle. 

CarelophuA ascanii. See Blenny, YarrelPs. 
Caridum gordoni, (16) 132 ; (19) 278. 
Carp {Cyprinua carpis), spawning period 

of, (4) 262. 
CaryophyUia smithii, (15) 163. 
Caseous tumours in muscles of hake, (3) 

76. 
CassiduUna erasMf (16) 276. 
Casting of edible crab, periodicity of, 

(22) 121. 

of lobster, periodicity of, (23) 89, 95. 

Cat-fish {Anarrhichas lupus), (21) 63. 

distribution of, (21) 63. 

distribution of adult and immature, 

(8) 176. 

early stoges of, (8) 286. 

eggs of, (3) 58; (5) 366; (9) 253; 

(16) 91 ; (23) 252. 

fecundity of, (9) 253. 

food of, (7) 448 ; (8) 231, 244, 251 ; 

(9) 232, 235, 239, 240 ; (10) 229 ; (20) 
312,486,600; (21)220. 

hatching period of, (8) 286. 

mature and immature, (8) 176. 

migration of, (21) 64. 

minimum size at maturity, (8) 161, 

162, 163. 

on deep-water grounds, (21) 23. 

ovaries of, (3) 58. 

parasites of, (9) 306 ; (18) 176 ; (19) 

140; (23)114. 



Cat-fish, proportion of males to females, 
(8)349; (10)239. 

rarity of small specimens of, (21) 64. 

size at maturity, (10) 238. 

spawning period of, (4) 245 ; (7) 

197 ; (8) 269 ; (21) 64 ; (23) 252. 

young of, (4) 213. 

Cecropa IcUreiUii, (9) 305 ; (18) 157 ; (19) 

126. 
Cdla/riaJUtvlosa, (15) 166. 
Celkpora aviculariSy (16) 166. 

ptimicoea, (16) 156. 

ramtUoaaf (15) 166. 

Centrolahrus exoletus, (4) 223, 232 ; (15) 

111; (18)282. 
Centronottu gunnellus. See Gunnel. 
CeiUropages hamcUiis, (4) 149 ; (6) 237 ; 

(15) 146 ; (16) 177, 210 ; (19) 238 ; (20) 

532,633. 

as herring-food, (4) 126. 

fyptctw, (4) 149 ; (6)237; (15)146, 

305, 306, 308, 311, 314 ; (16) 177, 210 ; 

(17) 260 ; (19) 238 ; (20) 494, 5)3, 521. 
Cephalopods eaten by anglers, (21) 199. 

eaten by king-fish, (21) 219. 

Cepola rubeecens. See Red Band Fish. 
Cerapus abditue, (6) 249. 

crassicomis, (11) 216. 

diffarmiSy (6) 249. 

Ceraiauliiia bergoniiy (16) 214, 298. 
Ceratium, sp., (16) 213. 

/urea, (15) 298, 301. 

fusus, (15) 298, 301. 

longicome, (9) 280. 

tHpoa, (16) 298, 301. 

Ceratoneie arcus, (9) 274. 
Cerebratidua anguUUus, (12) 265. 
Cerianthua Uoydii, (10) 266. 
Ceriodaphnia latieaudata, (13) 250 ; (15) 

321 ; (17) 160, 168, 184, 191. 

punctata, (9) 282, 290, 296. 

quadrangulata, (13) 188, 245, 250; 

(15) 380 ; (16) 252 ; (17) 167, 168, 184, 

191. 

reiiculata, (9) 277, 283, 289 ; (13) 

260; (17)158,184. 

rotunda, (16) 321. 

Cerilhiopsis tuherctdarie, (15) 119. 
Cervinia hradvi, (17) 252 ; (19) 250. 
Cetacea, development of, (6) 302. 
Caiabry, M.,(9)418. 
Chatoeeros atlanticue, (16) 298. 

borealis, (16) 214, 298. 

commutalus, (16) 214. 

constrictus, (16) 214. 

co7Uortu8, (16) 214. 

criophUw, (16) 214, 298. 

currens, (15) 298, 299. 

currieelus (15) 214, 298. 

debiUs, (16)214, 

decipiens, (15) 214, 298, 299. 

diadema, (15) 214. 

didymua, (16) 214. 

peruviamui, (15) 298, 299. 

8colopendra, ( 15) 214. 

septentrionalia (16) 214. 

ChcBtopterua variopedatus, (15) 159. 
Charopinus dalmanni, (9) 310 ; (18) 169, 

170 ; (19) 130. 
dubiw, (18) 170 ; (19) 130. 
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Charopinus ramotua, (18) 171 ; (19) 130. 
(Charts showing areas of North Sea in 

connection with trawling statistics, (20) 

137. 
OhctacanopaeUa, (18) 361. 
Gheirocrates assimilisy (14) 160; (15) 140; 

(19) 264 ; (20) 478. 
inUrmedius, (14) 160; (15) 140; (18) 

402 ; (20) 492, 496, 527. 
sundewalU, (14) 160 ; (15) 140 ; (20) 

478, 523. 
Chemical composition of water of the 

North Sea, (7) 448. 
Cheraphilus echinulcUus^ (15) 132. 

nantis, (16) 156, 157. 209. 

negkctua, (4) 155; (15) 132; (19) 278. 

Chicago Exhibition, fishery exhibits at, 

(13) 338. 
Chinuera monatrosa, (21) 224. 
Chirolophis golerita. See Blenny, Yar- 

rell's. 
C%i«o», (6)231 ; (20)527. 

cfweretM, (15) 122. 

fasdcutaria, (15) 122. 

marginaiuSy (15) 123. 

mamujreua^ (15) 123. 

ruber, (15) 123. 

Chittenden and Cummins, experiments on 

the digestibility of fish, (5) 222. 
ChondracanthuB annulcUui, (18) 164. 

clavcUita, (18) 165. 

comutus, (9) 306 ; (18) 164. 

depressus, (23) 114. 

/Mm, (18) 166. 

limand(e,{lS) 167. 

lophii, (9) 306 ; (18) 167. 

merluccii, (10) 262 ; (18) 166. 

omattu, (18) 168; (19) 129; (20) 

298. 

ioUoi, (18) 165. 

trigUe, (18>163. 

zei, (10)262; (18) 167. 

Ch<mio«toma hanseni, (22) 254. 

mirabilis, (22) 254. 

Chydorus barbatua, (13) 188, 190, 245, 

250; (14) 168, 239; (15) 321,333; 

(16)252,260; (17)140, 145, 150,155, 

164, 173, 185 ; (20) 505. 
cofa/tM, (16)252; (20) 505; (17) 

140, 145, 150, 165, 168, 173, 185, 201. 
globoiwi, (9) 280, 282, 295 ; (13) 188, 

250 ; (14) 239 ; (15) 330, 331, 333 ; (16) 

252 ; (17) 140, 156, 185, 201. 
lotus, (14) 168, -239; (17) 145, 155, 

185, 201. 

wiiZ^cn, (11)234. 

ow/w, (13) 188, 190 ; (16) 321 ; (17) 

104, 186, 201. 
»phi}^ricun, (8) 339, 341 ; (9) 273, 277, 

282, 284, 296 ; (11) 234 ; (12) 286, 

288 ; (13) 188, 245, 250 ; (14) 168, 239 ; 

(15) 321, 333 ; (16) 260, 252, 260 ; (17) 
140, 146, 149, 150, &c. ; (20) 505. 

Cingxda tri/aaciata, (16) 120. 
Cfiona intestinatea, (15) 114. 
Circe minima, (8) 331 ; (15) 126. 
Circalation of water in Loch Fyne, (15) 

262. 
Circulatory system in teleostean embryos, 

(16) 213. 



Cfirokma borealia, (18) 180 ; (19) 270. 

apinipea, (15) 135. 

CirrcUiUus, sp., (16) 168. 
OitharicMhya, (18) 365, 356. 

awdidua, (18) 366. 

Oilharua, (18) 365, 356. 

lingwUula (18) 366. 

City of Edinburgh, oyster beds of, (14) 

13, 246. 
Cladooera of Duddingston Looh, (17) 

167, 168. 

of Firth of Forth, (16) 177. 

oi Lochs and Inland Waters. See 

Fauna, invertebrate. 
Clam or scallop {Pecten), development of, 

(8) 15, 290. 
Clambait beds, (7) 341 ; (9) 17. 
CUm-beds of the Firth of Forth, (7) 11, 

341; (14)269. 

yield of, (10) 17. 

CUrk, Mr W. Eagle, (13) 165. 
Clarkson, Dr R. D., (5) 221. 
Classification of flat fishes, (18) 335, 361. 
Clalhrocyslia roaeo-peraidnoj (6) 204. 
Clathurella linearis, (15) 117. 

purpurea, (15) 117. 

retieulata, (16) 117. 

(ere*, (16) 117. 

Clausia dutha:^ (18) 396. 

elongata, (6) 237. 

Clavella clutkm, (20) 292. 

hippogloBMi, (18) 169 ; (19) 126. 

lahracia, (19) 127 ; (20) 292. 

Cleethorpes, fish-hatching at, (8) 361 . 
Cleland, Professor, (4) 211. 
Cleta horrida, (10) 266. 

lameUi/era, (6) 240. 

lata, (10) 267 ; (21) 191. 

mtnuticomia, (10) 255. 

aerrata, (8) 318. 

aimilia, (6) 239. 

Cletodeaaurviroatria, (12)250; (15) 151. 

hirautipea, (15) 171 ; (19) 249. 

irraaa, (12) 260 ; (19) 249. 

limkola, (6) 240 ; (8) 319 ; (21) 120. 

liiiearia, (11) 204; (16) 161; (19) 

249. 
Umgicaudata, (8) 319 ; (15) 151 ; (20) 

466,603. 

mmunaia, (19) 249. 

neglecla, (21)120. 

perplexa, (17) 267 ; (19) 249. 

proptnqua, (6) 240 ; (21) 121. 

aarsi, (23) 146. 

aimUia, (13) 168 ; (16) 268. 

tenuipea, (15) 170 ; (17) 256. 

tenutremia, (11) 204. 

Cleve, Professor P. T., (15) 297. 
Clio borealia, (7) 325. 

pyramidaia, (19) 236. 

retuaa, (7) 325. 

Cliom borealia, (6) 280; (7) ^5; (16) 155, 

209 ; (22) 266. 
Close time for crab fishing, (18) 14a 
Closed areas, physical characters of, (14) 

130. 
Closure of waters to beam-trawling, 

results of, (14)12, 183. 
Closure of areas offiUiore, (14) 148. 
Clupea aloaa. See Shad, allis. 
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Clvpea fiiUa. See Shad, twaite. 
^— harengus. See Herring. 

pilchardus. See Pilchard, sardine. 

iprcUtus. See Sprat. 

Clupeoids, structure of, (5) 257. 
Clyde mussel-beds, (10) 17, 194. 
Clymene amphiatonia, (15) 158. 

gracilis, (15) 158- * 

Clypeoniscua hanseni, (14) 165. 
C^l-fish, green-cod or saithe {Oadwt 

virens), (18)283; (21)59. 
anatomical dififerences of, from cod 

and pollack, (20) 250. 
comparison between, and cod and 

pollack, (20) 228, 244. 

development of, (12) 19. 

distribution of, (21) 59. 

distribution of adult and immature, 

(8) 176. 

distribution of eggs of, (15) 243. 

eggs of, (10) 2877(11) 242 ; (14) 171 ; 

(16) 91, 114. 
eggs of, in Firth of Clyde, (15) 249 ; 

(17)%, 83, 84, 93, 96, 103, 106. 

fecundity of, (9) 267. 

food of, (20) 313, 487, 517 ; (21) 20. 

food of young of, (5) 327 ; (8) 254. 

habitat of young of, (5) 326 ; (21) 60. 

in Loch Fyne, (4) 233 ; (15) 111. 

mature and immature, (8) 176. 

migrations of, (21) 60. 

osteology of, (20) 228, 251. 

parasites of, (18) 180. 

post-larval forms of, (7) 307. 

sexual ptoportions of, (10) 239. 

spawning areas of, (15) 243. 

in Dornoch Firth, (23) 20. 

period of, (4) 247 ; (7) 195 ; 

(8) 268 ; (10) 232 ; (15) 243 ; (17) 97. 

specific description of, (20) 248, 

specimens of, stranded on beach, (4) 

209. 

tumour on stomach of, (13) 236. 

Cobbler. See Scorpion, sea*. 
Cocc<mei9 pedietdus, (9) 274. 

acuUUum, (^) 274. 

Cochlodesma prtttenue, (15) 129. 
Cockle-beds of Barra, (8) 211. 
Cockle as bait, (7) 328, 352, 356. 

and its habits, (8) 212. 

Cockles, (8) 19, 215. 

Cod (Gaclus callarias), (18) 282 ; (21) 54. 

age of, (19) 228. 

anatomical differences from coal-fish 

and polUck, (20) 250. 
artificial -fertilisation of eggs of, (3) 

53. 

carbo-hydrates in liver of, (2) 39. 

comparison between, and coal-fish 

and pollack, (20) 228, 244. 

composition of, (5) 228. 

cystic tumour in head of, (4) 215. 

digeetibUity of, (5) 228. 

dijgestion in, (2) 39. 

distribution of, at various stages, 

(21) 54. 
distribution of adults and immature, 

(8) 173. 
distribution of eggs of, in Firth of 

Clyde, (15)249. 



Cod dried, in Spain, (10) 170. 

eggs of, (3) 53 ; (7) 305; (8) 284; (15) 

249 ; (16) 91, 114, 115 ; (17) 82-84, 93, 

96, 103, 106. 
Sars' discovery that they float, 

(16) 88. 

in Firth of Forth, (15) 221. 

fecundity of, (9) 254. 

fishery at Iceland, (13) 346. 

at Lofotens, (13) 339, 

in Newfoundland, decline of, 

(13) 336. 

feeding on herring, (4) 135. 

feeding on herring-eggs, (4) 135. 

food of, (4) 134 ; (7)^27, 234, 235, 

237. 239, 240, 247, 257 ; (8) 231, 239, 

249, 250, 251, 253, 254, 255, 256; (9) 

235, 237 ; (10) 215, 224 ; (20) 307, 308, 

312, 313, 486, 505. 

food of, seasonal change in, (4) 135. 

food of young of, (5) 326 ; (8) 254. 

fungoid growths on preserved, (6) 

204. 
growth of, in tanks, (5) 235 ; (7) 

404 ; (19) 228. 
growth, rate of, (5) 243 : (11) 195 ; 

(15) 176; (19) 154,214; (23) 128, 130, 

137. 

habitat of larvae, (15) 194. 

habitat of young of, (5) 326 , (15) 

194. 
hatching of eggs of, (2) 47 ; (13) 9, 

123. 
hatching of, in America, (3) 84 ; (9) 

401; (12)394; (13)337. 
hatching of, in Newfoundland, (8) 

365 ; (9) 3^3 ; (13) 335. 
hatching of, in Norway, (5) 235 ; 

(6) 305 ; (8) 374 ; (12) 398 ; (13) 339 ; 

(17) 208. 

hermaphroditism in, (13) 297. 

influence of temperature on hatching 

of, (5) 242. 
influence of temperature on growth 

of, (22) 159, 164, 170. 

life-history of, (15) 194. 

lines of growth in otoliths of, (23) 

128. 

lines of growth in scales of, (23) 130. 

mature and immatui*e, (8) 173. 

migrations of, (11) 189 ; (15) 375. 

migrations of, in relation to food, 

(4) 135. 
minimum size at maturity, (8) 161, 

162, 163. 

nature of "red," (6) 204. 

observations on spawning of, in 

tanks, (3) 52. 

osteology of, (20) 228, 251. 

parasites of, (18) 180, 181 ; (19) 121, 

149 ; (23) 108. 

post-larval, (7) 307. 

proportion of immature, landed by 

trawlers, (22) 19. 
proportion of males to females, (8) 

349. 

rearing of, (7) 404. 

relation of length to weight, (22) 

144, 148, 229. 
sexual proportions of, (10) 239. 
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Cod, size of, at firstrmatnrity, (19) 228 ; 

(22) 158. 

size-limit between mature and im- 
mature, (22) 18. 

spawning at Faeroe, (23) 33. 

spawning grounds of, (7) 195 ; (8) 

266 ; (15) 194, 223 ; (23) 20, 253. 

in Dornoch Firth, (23) 20. 

spawning of, in autumn in North 

Sea, (23) 253. 

spawning period of, (4) 246; (7) 

195 ; (8) 266 ; (10) 232, 234 ; (15) 222 ; 

(17) 97 ; (19) 227 ; (23) 253. 

specific description of, (20) 248. 

tumour in, (10) 324. 

varieties of, (7) 404. 

voracity of, (4) 134. 

with one eye, (11) 294. 

young, caught by bag-net fishing, 

(23) 157. 

young, not common on deep-water 

grounds, (19) 289. 
OBlenterata, pelagic, of Firth of Forth, 

(16) 194. 

Cold, influence of, on fishes, (9) 420. 
Coleoptera, (8) 339 ; (9) 273. 
CoUocherts gracUicauda, (19) 252. 
Colour, change of, in fishes, (3) 69. 
Ck)mber. See Serranus cabriUa. 
Common dab. See Dab, common. 

eel. See Eel, common. 

gurnard. See Gurnard, grey. 

mussel. Set Mussel, common. 

sole. Set Sole. 

Comparative abundance of young and 

ola fish at different seasons, (6) 8. 
Comparative growth of round fishes and 

flat fishes, (20) 334. 
Comparison of amounts of fish landed by 

line fishermen and beam-trawlers, (6) 7. 
Composition of flesh of salmon, (5) 222, 

CoTichoBcea elegans, (20) 476, 517. 
Conchoderma attritum, (6) 236. 

virgcUa, (6) 236. 

Configuration of the sea on the north- 
west of Scotland, (6) 350. 
Conger-eel {Conger vulgaris), (15) 113; 

(18) 288. 

eggs of, (9) 392. 

fecundity of, (9) 243. 

food of, (20) 308, 313, 487, 534. 

parasites of, (18) 160, 180 ; (19) 127. 

reproduction of, (9) 392 ; (10) 236. 

spawning period of, (4) 253 ; (9) 392. 

young of, (22) 281 ; (23) 251. 

Conger niger. See Ojnger-eel. 
Congericola pallida, (18) 160; (19) 127. 
Coniothecium bertherandi, (6) 205. 
Contemporary fishery work, (6) 276 ; (7) 

384; (8) 359; (9) 388; (10) 326; (11) 

486; (12)383; (13)332. 
0)-operation in mussel-growing, (7) 340. 
Copepoda as food for herrings, (4) 102, 

124. 

of young lobster, (23) 67. 

effect of vanations in salinity on, 

(17) 118. 

eggs of, (8) 363. 

food of, (15)216. 



Copepoda of Loch Fyne, (4) 147 ; (15) 

145 ; (16) 264. 
of Losh Fyne, seasonal abundance 

of, (4) 147 ; (17) 114. 
of Loch Fyne, vertical distribution 

of, (17) 116. 
of Lochs a^d Inland Waters. See 

Fauna, invertebrate. 

of the English Channel, (7) 335. 

parasites of fishes, (18) 145, 179; 

(19) 121. 

parasite of lobster, (19) 255. 

parasitic, (20) 288 ; (23) 108. 

relation of temperature to abund- 
ance of, (17) 114. 
volumetric determination of, (17) 

112. 
Carbtda gibba, (15) 128 ; (20) 503, 510. 
Coregonua poUan, See Pollan. 

vandesiua. See Vendace. 

CoreUa paraUelogrammaf (15) 114. 
Corethron hyatrix, (15), 298, 299. 
Coriajulis. See Wrasse, rainbow. 
Comuspirafoliacea, (7) 311 ; (15) 166. 

involvensj (16) 274. 

planorbis, (7) 311. 

atriolata, (7)311. 

Cornwall Sea Fisheries Committee, (13) 

10. 
Corophium affine, (19) 266 ; (20) 479, 611. 

boneUii, (6) 249 ; (15) 141. 

crassicome, (6) 230, 249 ; (14) 161 ; 

(15) 141. 
grossipes, (6) 249; (19) 266; (20) 

492, 507, 525, 527. 

longicome, (6) 249. 

apinicome, (6) 249. 

tenuicome, (6) 249. 

Coryccsua anglicua, (14) 163 ; (18), 397 ; 

(19) 251. 
Coryatea caaaivdaunua, (6) 257 ; (18) 404. 
Coacinodiacua anguste-lin^alua, (15) 299. 

eondnmta, (15) 214. 

curvatulua, (15) 299. 

excentricua, (15) 214. 

minor, (15) 299. * 

oculua iridia, (15) 300. 

radicUna, (15) 214. 

Cottus, young stages of, (9) 323. 

lon^-spined (Cottua buhalia), (4) 232; 

(15)110; (18)275. 

eggs of, (16) 91. 

fecundity of, (9) 249. 

size at maturity, (10) 238. 

spawning period of, (4) 244. 

Mjfhorgtu See Bullhead, Norway. 

acorptua. See Scorpion, sea-. 

Couch's whiting. See Whiting, Couch's. 
Couper, Mr Wm., (8) 23; (9) 21, 177; 

(10)23,188; (11)24. 
Crab and Lobster Act, (18) 139. 
Crab as bait, (18) 140. 

digestibility of, (5) 228. 

edible (Crangon pagurua), (6) 256 ; 

(15) 130 ; (20) 534. 

berried females, (18) 79. 

casting of, (18) 83, 104. 

changes in carapace of, (22) 136. 

characters of mature female. 

(18) 79. 
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Crab, edible, contributions to life-history 

of, (22) 100; (23)154. 

description of eggs of, (18) 88. 

description of swimmerets of, 

(22) 110. 
development of ovary of, (18) 

31. 
dUtribution of, (18) 113 ; (22) 

122. 
effect of cold on movements of, 

(22) 125. 
external sexual characters of, 

(18) 99. 

exuviation in, (18) 104. 

frequency of casting in, (18) 

109. 

fry of, (23) 154. 

fry, vitaUty of, (23) 154. 

hard and soft, (18) 102, 105. 

hatching of, (21) 181 ; (23) 154. 

impregnation in, (22) 101. 

increase of size in casting, (18) 

110. 

life-history of, (18) 77. 

migration of, (18) 119, 125; 

(22) 135. 
mode of attachment of eggs in, 

(22) 108, 115. 

muscular system of, (22) 103. 

number of eggs of, (18) 89. 

periodicity w spawning and 

castmg in, (22) 121. 
period of hatching of eggs of, 

(18) 88. 
process of fertilisation in, (18) 

82. 
process of hardening in, (18) 

107. 
proportional numbers of the 

sexes in, (18) 99. 
rate of growth of, (18) 113; 

(22) 125. 
regeneration of limbs in, (18) 

HI. 
regulation of fishery for, (18) 

77, 134. 
relation of migrations of, to 

temperature, (18) 124. 

repair of injuries in, (18) 111. 

ripe eggs of, (22) 112. 

size ofTat maturity, (18) 79. 

spawning of, (18) 85, 88 ; (22) 

108. 

spermatheca of, (22) 105. 

statistics of fishery of, (18) 134. 

zo6a of, (18) 88. 

shore. See Carcinua rmenas. 

Crangon aUmanni, (6) 260 ; (15) 132 ; (16) 

156, 210 ; (20) 489, 491, 510, 513, 516, 

520, 522, 523, 524, 525, 535, 536. 

hispitumu, (6) 260. 

faaciatus, (4) 156; (9) 309. 

nanvs, (6) 260 ; (20) 480, 522. 

neglectus, (4) 155 ; (9) 309. 

vulgaris. See Shrimp. 

Crania anomala, (15) 129. 
Crenilabrus melops. See Goldsinny. 
Oresaa dubia, (10) 262; (15) 139; (17) 

265. 
schiodtei, (10) 262. 

N 



CribeUa oeuiaUiy (20) 310. 

madreporite of, (6) 280. 

spawning period of, (4) 216. 

Cribropontiua normani, (20) 472. 
Crista denticxdata, (15) 157. 

ebumea, (15) 157. 

CristaUUa muceda, (14) 239, 242; (15) 

318. 
Orietellaria calcar, (7) 314. 

crepidula, (7) 314; (15) 166. 

rotuiata, (7) 314 ; (15) 166. 

Cromarty Firth, echinoderms of, (20) 304. 
physical and chemical examination 

of the water of, (6) 313, 320, 336. 

trawling investigations in, (20) 93. 

Cromarty, trawling investigations off, (21) 

17 ; (22) 21, 43, 47. 
Cross-fertilisation of fish, experiments in, 

(8) 358. 
of grey gurnard with whiting, (8) 

358. 

of lemon dab and turbot, (8) 358. 

of lumpsucker with flounder, (8) 358. 

Cross-fish. See Asteruu rubena. 
Cruise of the "Jackal," (7) 412. 
Cruisers, duties in reporting vessels fish- 
ing, (20) 89. 
Crustooea as food of cod, (4) 136, 146. 

as food of haddocks, (4) 129. 

decapod, life-history of, (22) 100. 

mode of attachment of eggs in, 

(22) 116. 

of Firth of Forth, (16) 156. 

relation of yolk to size and de- 
velopment of zoto, (19) 114, 115. 
from Clyde and Moray Firth, (17) 

248. 

larval stages of decapod, (19) 92. 

larval and young of Firth of Forth, 

(16) 197. 

notes on, (18) 382. . 

of brackish water, (15) 317. 

of Firth of Clyde, (16) 277. 

of Firth of Forth, (6) 235. 

of Loch Fyne, (15) 129 ; (16) 292. 

of Loch Lomond, (17) )39. 

of plankton collected by ** Garland," 

(16) 156. 

parasites of, (22) 250, 254. 

pela^^c eggs of, (17) 114. 

significance of metamorphosis in the 

higher, (19) 115. 
Crustacean parasites of fishes, (18) 144 ; 

(19) 120 ; (20) 288. 
CryplUhiria halani, (6) 251 ; (15) 136. 
Crystaliogobius in Clyde, (15) 252. 

in Moray Firth, (15) 257. 

nilswmitf post-larval form of, (13) 

232. 
Ctenolabrus rupestris. See Goldsinny, 

Jago's. 
Ctenophora of Firth of Forth, (16) 194, ' 

196. 
of Faeroe-Shetland Channel, (15) 

307, 308, 309, 310. 
Cuckoo ray. See Ray, cuckoo. 
Cucumariajrofidosa, (20) 306, 319, 321. 

fucicola, (20) 306, 319, 324. 

hyndmani, (15) 162. 

lactea, (20) 306, 819, 324. 
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Cucumaria perUactes, (15) IG2, 

Culture of sea-fishes, (10) 15, 326, 333. 
336, 340, 342, 343, 346. 

Cuma beUa, (4) 165. 

cercariay (4) 165. 

edtoardgii, (6) 253 ; (18) 403. 

/w^cA«/ia,(8)329;(l7)267;(19)236. 

trispinoaa, (6) 253. 

OumeUapygmcea, {15) 136; (17)267; (18) 
403; (19)274; (20)480. 

Cumopsis edwardsiiy (18) 403. 

goodnri, (6) 253 ; (16) 167, 209. 

Umgipea, (18) 403. 

Cunningham, Mr J. T., (6) 298; (7) 
385, 386 ; (8) 351 ; (9) 243, 319, 390, 
392; (10) 16-J, 169, 211, 238, 327 ; (11) 
194, 196, 239, 265, 489 ; (23) 125. 

Currents and the transport of pelagic 
egg». (14) 16 ; (15) 337, 367. 

and their relation to spawning areas, 

(15) 337, 374. 

cause of movements of surface, (15) 

356. 

direction of, in Moray Firth, (15)843. 

direction of, on east coast of Scot- 
land, (15) 346. 

direction of surface, in Shetland- 
Orkney area, (15) 340. 

effect of, in drifting pelagic eggs, 

(17)119. o -I. «5 

effect of wind on surface, (15) 356. 

effect of tides on surface, (15) 360. 

influence of, in transporting fish 

larvse, (15) 368. 
of Faeroe-Shetland Channel, (15) 

287,340. 
of North Sea, direction and rate of, 

(12) 351 ; (15) 11, 334, 338. 

of North Sea, reversal of, (16) 361. 

of North Sea, seasonal variations of, 

(16) 365. 

rate and depth of surface, in North 

Sea, (15) 364. 
relation of, to migrations of fishes, 

(15) 375. 
surface, relation of, to fisheries, (15) 

367. 
Guspidaria abbreviata, (15) 129. 

costellata, (15) 129. 

ctutpidata, (15) 129 ; (16) 155, 209. 

Cuttle-fish, damage to fish by, (10) 208, 

299. 
Ouclichna aWa, (20) 610. 
(fycloeypris globosa, (8) 836, 337, 340- 

342; (9)282; (11)230; (12)286; (13) 

250; (14) 168, 169; (16) 321; (16) 

252 : (17) 140, 145, 150, 166, 173, 183. 
IcBvis, (16) 321, 333; (16) 262; (17) 

140, 146, 160, 165, 164, 168, 183. 

Serena, (16) 317. 321, 326, 333; (16) 

, 262 ; (17) 140, 145, 150, 165, &c. 
Cyctogcuter liparis. See Sea-snaiL 

moTitagui, See Sucker, Montagu's. 

Oydopicera gradlicauda, (6) 242 ; (10) 

262; (11)209,210. 

lata, (11) 210. 

nigripes, (4) 164 ; (6) 242 ; (10) 267 ; 

(11)209,210; (17)262. 
fmrpurocirUa, (11) 209, 210; (17) 

262; (18)400. 



Oydopina elegatu, (12) 237. 

gracilis, (12) 237; (15) 148; (18) 

386; (19)240. 

liUoralis, (6) 238 ; (16) 148. 

Umgifurcata, (19) 236, 240. 

Cydopa aquoreus, (6) 238 ; (9) 288 ; (15) 

317. 
affinis, (9) 276, 276; (12) 288; (13) 

244, 249; (15) 320, 332; (17) 141, 160, 

183 187. 
albidxu, (14) 168, 169 ; (15) 330, 332 ; 

(16) 251, 257, 260 ; (17) 138, 139, 144, 

145, &c. ; (20) 605. 

hicolor, (16) 260, 251. 

hictupidatus, (18) 188, 244; (14) 

168, 169 ; (15) 317, 320; (17) 140, 160, 

166, 169, &c 
Cyclops hisetosus, (15) 317, 320 ; (16) 260, 

251 ; (17) 140, 145, 155, 164, 168, 173, 

183. 

brevicomis, (18) 389. 

crassicomis, (8) 338, 339 ; (9) 272, 

276, 282, 283, 284. 

dybowskii, (17) 140, 141, 183, 186. 

ewaHii, (6) 232, 238 ; (11) 223. 

fimbriates, (11) 226 ; (12) 286; (13) 

188, 244, 249 ; (14) 168, 239 ; (15) 320, 

332 ; (16) 251, 260 ; (17) 140, 144, 145, 

148 ; (20) 605. 
fnscus, (16) 261 ; (17) 146, 160, 165, 

173, 183. 

gigcui, (8)336. 

Icavfmanni, (11) 224. 

languidus, (17) 173, 183, 186. 

leuckarti, (16) 320, 322; (17) 138, 

139, 153, 183, 186. 
macrurus, (12) 286 ; (13) 249, 261 ; 

(14) 168, 169 ; (15) 320; (17) 144, 145, 

164, 183, 186. 

magnotama, (12) 286. 

nanus, (17) 172, 173, 183, 186. 

phaXeratus,{^) 276; (13) 249; (16) 

320 ; (17) 169, 168, 183, 187. 

pulchellus, (8)338. 

serrulatus, (8) 341; (9) 272, 276, 

282-284, 286 ; (11) 223 : (12) 286, 287 ; 

(13) 244, 249 ; (14) 168, 239 ; (15) 320, 

332; (16) 251, 260; (17) 140, 146, 149, 

160, &c. ; (20) 605. 
sigtuUus, (12) 286, 288 ; (13) 188, 

244 249. 
itrenuus, (8) 336 ; (9) 272, 279, 283 ; 

(12) 286 ; (13) 188, 244 ; (14) 168, 239 ; 

(16) 320, 832 ; (16) 261, 267, 258, 280 ; 

(17) 138, 139, 144, &o. 

tenuicamis, (9) 276, 282, 288. 

thomasi, (9) 276, 279, 284 ; (12) 288 ; 

(13) 249, 261. 

varicans, (16) 319, 320, 322. 

vemalis, (14) 168, 169 ; (16) 320 ; 

(16) 261, 268, 260 ; (17) 140, 150, 165, 
&c. 

viridis, (9) 276, 283, 286, 288 ; (11) 

223 ; (12) 286, 288 ; (13) 188, 244, 249 ; 

(14) 168, 239 ; (16) 320, 332 ; (16) 261 ; 

(17) 138, 139, 144, 146; (20) 606. 
OyclopseUa, (18) 366. 
^dopsina UidnvkUa, (17) 261. 
^clopterus lumpus. See Lumpsucker. 
dyclostrema nitens, (16) 121. 
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CydottUa operctUata, (9) 274. 
Cycnus pcUlidus, (18) 160 ; (19) 127. 
Cylichna cylindrctcea^ (15) 115. 

nitidula, (9) 309. 

Cj/lindroleberis marice, (8) 325. 
CylindropgyUus fairliensis^ (17)258. 

tevM, (8) 320; (10) 258; (16) 151; 

(20)468. 

minor, (10) 260 ; (18) 394. 

CyrruUopleura 9olea, (9) 274. 
Cymbaaoma rigida, (7) 316 ; (8) 332 ; (9) 

304; (22)248. 
CymbeUa anglica, (9) 274. 

cislula, (9)274. 

cymbiformisy (9) 274. 

Cvnoglossince, (18) 351, 352, 358, 359. 
Cynoglossus semilcn^j (18) 359. 
Cynthia armalay (4) 162 ; (7) 323. 

flemingii, (4) 162; (6) 255. 

Cypria exculpta, (8) 338, 340, 341 ; (9) 
272, 276, 284, 286; (15) 321 ; (17) 155, 
159, 164, 173, 183, 189. 

lofvis, (9) 276, 283, 286, 288 ; (13) 

188,249; (16)260. 

opkthalmica, (8) 336, 337, 338. 340- 

342 ; (9) 272, 276, 282-284, 286, 288 ; 
(11) 230 ; (13) 188, 245, 249 ; (15) 321, 
333 ; (16) 252 ; (17) 140, 145, 150, 155, 
159. 164, 168, 183 ; (20) 506. 

serena, (8) 336, 337, 340-342; (9) 

272, 275, 276, 282-284, 286-288; (11) 
229, 230 ; (12) 286 ; (13) 188, 246, 260 ; 
(14) 168 ; (16) 259, 260. 
Cypridina marice, (8) 325. 
difpridopsis actUecUa, (9) 283, 286 ; (13) 
245 ; (15) 318. 

newUmi, (17) 160, 183. 

obem, (8) 343. 

viduay (8) 339-341, 343; (9) 272, 

276, 282, 283, 286 ; (13) 188, 245, 260 ; 
(14)239. 

viUoM, (8) 336, 337, 339-341, 343 ; 

(9) 272, 276, 282-284, 286, 288; (13) 
188, 245 ; (14) 239 ; (15) 321, 333 ; (16) 
252, 260 ; (17) 140, 160, 164, 173, 183. 
Cyprina, sp., (20) 527. 

vdandica, (7) 317, 341 ; (15) 126. 

Cyprinolus prasinus^ (15) 318. 
Cyprimis carpio. See CJarp. 
Cypris (tcumtneUa, (8) 344. 

affinis, (8) 342. 

hroianiana, (5) 328, 330. 

Candida, (8) 343 ; (11) 230. 

cinerea, (5) 328 ; (8) 342 ; (11) 230. 

C(mpres8a, (8) 342, 344 ; (11) 230. 

etongata, (8) 343. 

eMtculpta, (8) 341. 

fabcrformia, (8) 344. 

Juacata, (9) 286 ; (13) 246, 260 ; (17) 

164, 173, 183. 

gibba, (8) 344. 

globosa, (8) 342 ; (11) 230. 

granulosa, (8) 341. 

incimgruens, (9) 282; (17) 159, 183, 

189. 

jurinii, (5) 328 ; (8) 343. 

lanns,{S)M2; (11)230. 

obliqua, (9) 276, 280, 282 ; (14) 168 ; 

(16)262; (17) 140, 166, 183, 189. 
wjuUa, (8) 343. 



Cypris prasina, (9) 285, 286, 288. 

pubera, (9)276; (17) 169, 161, 167, 

168, 183, 189. 

reticulata, (8) 339, 340, 342 ; (9) 

284; (15)319,321. 

reptans, (8) 342. 

sella, (8) 343. 

serena, (8) 342 ; (11)229. 

striolcUa, (8) 341. 

strigata, (8) 342. 

tessellata, (8) 342. 

tume/acta, (5) 328 ; (8) 343. 

vidua, (8) 343. 

virens, (5) 328; (9) 286; (14) 168, 

239 ; (17) 164, 183. 

mrens, var. monolijera, (6) 329. 

toeatwoodii, (8) 343. 

Cyproidia hrevirostris, (18) 401. 

damwmiensis, (15) 138 ; (18) 401. 

Cyprois flava, (17) 168, 183, 190. 
Cfyrianassa elegans, (4) 164. 
Cyrtophium tuberculatum, (19) 266. 
Cythere albomaculata, (6) 243 ; (15) 142. 

angulata, (6) 243 ; (15) 143. 

antiquata, (6) 243; (16) 143; (20) 

497. 

aurantia, (7) 318. 

caManea, (7) 317. 

clutha, (5) 328 ; (11) 142. 

cmcinna, (6) 243; (16) 143; (20) 

503. 523. 
con/usa, (7) 317 ; (9) 288 ; (15) 142 ; 

(20) 527. 

canvexa, (6) 243 ; (15) 142. 

crispata, (6) 243 ; (15) 142. 

cunei/ormis, (7) 317. 

cyamos, (6) 243. 

dunelmensis, (6) 243 ; (16) 263 ; (20) 

603, 511, 623. 

emaciata, (16) 263 ; (20) 603. 

emarginata, (16) 263. 

Jinmarchica, (8) 321 ; (20) 603. 

gibboaa, (9) 288. 307 ; (16) 142, 318. 

impressa, (7) 317. 

injtata, (19) 266. 

jimesii, (6) 243 ; (16) 143; (20) 637. 

limicola, (6) 243 ; (20) 523. 

lutea, (6) 242 ; (16) 142 ; (20) 520. 

marginata, (16) 142. 

minna, (19) 267. 

mytiloides, (7) 316. 

navicvla, (7) 317^ 

peUucida, (6) 242 ; (7) 317 ; (9) 286, 

288; (15)318; (20)526. 

parcellanea, (15) 142, (20) 503, 517. 

pulcheUa, (8) 326. 

qiuidridentala, (6) 243 ; (16) 263. 

robertsani, (6) 243 ; (15) 142. 

semiovata, (8) 321. 

semipunctaia, (5) 328 ; (7) 317 ; (16) 

142. 

tentra, (6) 242 ; (16) 263. 

tuberculata, (6) 243 ; (15) 143 ; (20) 

603, 611, 517. 

ventrieosa, (7) 317. 

villosa, (6) 243 ; (15) 143. 

viridis, (6) 243 ; (8) 321. 

whUei, (8) 321 ; (16) 263. 

Cythertis whiUi, (8) 321. 
dytherella abyssarum, (19) 257. 
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CythereUa beyriehi, (19) 257. 

scotica, (19) 257. 

Cytkeridea elongcUa, (6) 243. 

lacustris, (9) 272, 273; (13) 188; 

(14) 239 ; (15) 330, 833 ; (17) 140, 164, 
184 191. 

papiUoM, (6) 243; (15) 143; (20) 

497 603. 
punciiUata, (7)317; (15) 143; (20) 

603. 

subflavescens, (5) 328 ; (15) 143. 

toro9a, (9) 288 ; (15) 318. 

Cytherideis mhutata, (5) 328 ; (6) 245 ; 

(20) 603. 
Cytheroisjischeri, (8) 324 ; (16) 264. 
dytheropttron alatum, (15) 144. 
cmgnlcUum, (5) 328; (7) 318; (15) 

144. 

arcucUum, (16) 264. 

depressum, (7) 318. 

humile, (12) 262; (15) 144; (20) 

617. 

inJUUum, (15) 144. 

latisaimum, (6) 244; (15) 144; (20) 

497, 511. 

multiforum, (8) 321. 

nodosum, (6) 244 ; (16) 144. 

punctcUum, (8)323; (15) 144. 

mbcircinatum, (7) 318. 

Cytherura aaUicostata, (6) 244 ; (8) 323 ; 

(15) 144. 

affinis, (8) 322. 

angulata, (6) 244 ; (16) 144. 

hodotria, (8) 322. 

celMoaa, (6) 244 ; (15) 144. 

dathrata, (6) 244 ; (16) 264. 

comtito, (8) 322 ; (15) 143. 

cunecUa, (6) 244. 

flavescens, (6) 244. 

fidva, (8) 323. 

gMa, (8) 322 ; (9) 288 ; (15) 143. 

insolita, (6) 244. 

lineata, (8) 322. 

mucronaia, (8) 323. 

nigrescena, (9) 288 ; (15) 144. 

prodiicta, (7) 318 ; (15) 144. 

quadratay (6) 244. 

robertsoni, (8) 322. 

sarsiiy (8) 323. 

sella, (16) 144. 

similis, (7) 318 ; (16) 144 ; (20) 601. 

sinwlex, (8) 323 ; (16) 263. 

slrtala, (6) 244 ; (16) 144. 

undata, (6) 244 ; (16) 144. 



D 



Dab, common (PUwrcnectes limanda), (16) 

112 ; (18) 286. 

age of, at maturity, (20) 371. 

distribution of, (21) 44. 

distribution of adult and immature, 

(8) 170. 

distribution of eggs of, (15) 238. 

distribution of post-larriB and young 

of, (16) 244. 
duration of pelagic stage of, (20) 

361. 
eggs of, (7) 304 ; (8) 285 ; (16) 91, 

114 ; (17) 82-84, 93, 96, 104, 106. 



Dab, common, eggs of, in Firth of Clyde, 

(16) 260. 

eggs of, iutraovarian, (16) 96. 

egff resembling that of, (11) 243. 

embryo of, (16) 216. 

fecundity of, (9) 206. 

food of, (7) 225, 232, 236, 236, 237, 

238, 239, 243, 253, 257 ; (8) 230, 236, 

246, 250, 261, 252, 263, 254, 266 ; (9) 

224, 233, 236, 238, 241 ; (10) 213, 218, 

221, 230 ; (20) 306, 312, 313, 487, 626. 
growth of, (11) 194, 266 ; (20) 336, 

360,370. 
growth, relative, of females and 

males, (20) 371. 

increase in numbers of, (14) 146. 

mature and immature, (8) 170. 

migrations of, (11) 187. 

minimum size at maturity, (8) 161, 

162, 163. 

on deep* water grounds, (21) 45. 

parasites of, (18) 160, 167. 

post-larval stages of, (7) 307 ; (16) 

226,228. 
proportion of immature, landed, (22) 

18. 
proportion of males to females, (8) 

349. 
relation of length to weight, (22) 

144, 212. 

sexual proportions of, (10)239. 

sizes of, (14) 143. 

size at maturity, (10) 238. 

size-limit between mature and im- 
mature, (22) 18. 
spawning areas of, (7) 189 ; (16) 238; 

(23)20. 
spawning period of, (4) 261 ; (7) 

189; (10)^; (16)238; (17)98; (20) 

360; (21)46. 

young, date of appearing of, (16) 244. 

young, diagnostic characters of, 

(16) 228. 

Dab, lemon {Pleuronectta microcephalus), 

(16)112; (18)353; (21)46. 
cross-fertilisation of, with turbot, 

(8) 369. 

decrease of, (14) 12, 146. 

development of, (9) 327. 

distribution of, (21) 46. 

distribution of adult and immature, 

(8) 168. 

distribution of young of, (21) 47. 

duration of post-larval stage of, (22) 

271. 

dwarf mature specimens, (21) 48. 

eggs of, (8) 286 ; (16) 91, 114, 115 ; 

(17) 83, 84, 93, 96, 106. 

experiments in breeding of, (14) 

161. 

fecundity of, (9) 264. 

food of, (7) 224, 234, 238, 239, 242 ; 

(8) 230, 234, 249, 260, 252, 268, 255, 

256; (9) 223, 235, 236, 238-241 ; (10) 

313,220; (20)306,313,525. 

growth of, (11) 195, 271. 

hatching experiments with, (16) 219. 

hatching of; (12) 11 ; (14) 161. 

mature and immature, (8) 168. 

migrations of, (11) 187 ; (21) 46. 
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Dab, lemon, mininium size at maturity, 

(8) 161, 162, 163. 

on deep-water grounds, (21) 46. 

parasites of, (18) 165, 180. 

post-larval 8ta|;es of, (16) 225, 236. 

proportion of immature, landed by 

trawlers, (22) 19. 
proportion of males to females, (8) 

349. 
rearing of larv^se and poet-larvs of, 

(16) 223. 
relation of length to weight, (22) 

144,208. 

sexual proportions of, (10)239. 

sizes of, (14) 143. 

size of, at maturity, (10) 238. 

sizes of, on deep-water grounds, 

(21)47. 
size-limit between mature and im- 
mature, (22) 18. 
spawning period of, (4)251 ; (7) 188, 

387 ; (8) 261 ; (10) 234 ; (17) 98 ; (21) 

48. 

specific gravity of eggs of, (7) 386. 

Dab, long rough {DrtpaiwpseUa plates- 

«otc^), (18)^5. 
abundance of, on deep-water 

grounds, (19) 64, 290; (21) 223. 
distributicm of adult and immature, 

(8) 170. 

eggs and larvae of, (13) 14, 220. 

eggs of, (8) 285 ; (9) 319, 320 ; (16) 

91, 114 : (17) 82-84, 96. 

eggs of, in Firth of Clyde, (15) 248. 

fecundity of, (9) 261. 

food of, (7) 225, 232, 236, 237, 239, 

244, 254; (8) 231, 236, 247, 250, 251, 

252, 253, 254, 255, 256 ; (9) 225, 234, 

236-238, 241 ; (10) 214, 218, 222, 230; 

(20) 311, 313, 487, 521 ; (21) 22;i. 

growth of, (16) 245 ; (20) 372. 

jCTOwth of, comparison of rate in 

different regions, (20) 385. 

in Loch Fyne, (15) 112 ; (18) 352. 

increase in numbers of, ( 14) 146. 

maximum sizes of, (20) 380, 381, 

386. 
minimum size at maturity, (8) 161, 

162, 163. 

parasites of, (18) 166. 

poet-larval stages of, (16) 225, 235. 

proportion of males to females, (8) 

349 ; (10) 239. 
relation of length to weight, (22) 

144, 198, 222. 

sexuid proportions of, (10) 239. 

size at maturity, (10) iSd, 

sizes of, (14) 143. 

spawning areas of, (7) 172, &c. 

spawning period of, (4) 250 ; (7) 

172, 191 ; (8) 264; (10) 234; (17) 98. 
Dactyliosolen antarctieus, (15) 298, 300. 

mediterranewi, (15) 298, 300. 

Dactylocotyh poUachii, (19) 149. 
Dactylopua brevianJiis, (9) 303 ; (21) 128. 
coranahu, (12) 255 ; (20) 468 ; (21) 

128. 
kamu, {9)202; (11)205,206; (15) 

152; (21)128. 
litUyralis, (21) 124. 



Daciylopus Iwigiroslris, (21) 126, 127. 

nwWti*, (9) 303 ; (17) 258 ; (21) 126. 

mvxtus, (21) 126. 

parvtu, (21) 128. 

pectinaius, (16) 269. 

roHrcUns, (11) 205. 

aimilis, (15) 162. 

stroma, (12)254 ; (15) 152; (21) 127. 

tenuiremua, (9) 302 ; (17) 258 ; (21) 

127. 
tisbaides, (4) 149 ; (6) 240 ; (9) 303 ; 

(15)152; (20)532. 

vararensiSf (21) 125. 

Danaia dubia, (10) 262. 

Daniell, Dr A., (7) 178. 

Danish Fishery Association, (13) 340. 

Dannevig, hatching apparatus of, (5) 238. 

hatching experiments by, (5) 241. 

Captain G. M., (5) 235 ; (6) 15, 276; 

(7) 384, 402 ; (8) 21 ; (9) 19, 409 ; (10) 

9, 190, 346, &c. 
Mr Harald, (12) 9, 208, 210; (13) 

15, 123, 147; (14)9, 150, &c. 
DaphfuUa brachyura, (9) 273, 275, 277, 

289 ; (13) 245, 250 ; (14) 168 ; (15) 321; 

(16)252,260; (17)163. 

wingii, (9) 289. 

Daphm cryatallina, (9) 289. 

mucroncUa, (9) 290. 

pulex, (9)290. 

vetula, (9) 290. 

Daphnia cucuUata, (9) 291. 

falcata, (17) 148. 

gaiecUa, (13) 245 ; (17) 150, 163, 176, 

177, 179, 180, 181. 182, 184. 
jardinii, (9) 280, 290, 296 ; (12) 286; 

(13) 250 ; (14) 168 ; (15) 316, 321. 
/actwrfm,(16)250; (17) 138, 140, 157, 

158, 160, 163, 164, 167, 184. 
Imgufpina, (9) 273, 280, 283, 287, 

290; (13) 188, 189 ; (14) 239, &o. 

mticroncUa, (9) 2S0. 

nasuta, (17) 170, 171, 173. 

ptdex, (8) 336; (9) 273, 277, 283, 

284, 288, 290 ; (13) 250, &c. 

reticulata, (9) 289. 

9i7na, (9) 290. 

vetula, (8) 336 ; (9) 290. 

Daphniae of fresh-water lochs, (17) 192. 
Darwinella ^evensani, (9) 281, 282. 
Darwinia compressa, (7) 320. 
Darwinula steveMoni, (13) 245, 250 ; (15) 

319, 321, 326 ; (16) 250, 252 ; (17) 140, 

184, 191. 
Daaychone argua, (15) 158. 
Dawson, Mr Robert A., (11) 493. 
Day, Dr, (7) 388. 

Daylight filling for herring, (4) 58. 
Decalcifying action of formaline, (23) 133. 
Decapod Crustacea, larval stages of, (19) 

92. 

of Plvmouth, (7) 385. 

larval, as nerring-food, (4) 126. 

Dtcipulafemiginoea, (15) 126. 
Dee, bacteria in water of, (5) 335. 
Deep-water grounds compared with in- 

shore grounds, (20) 117. 

plaice on, (21) 41. 

trawling investigations on, (20) 

114; (21)19,27. 
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/>e^va/iacmtt/a,(ll)204; (17)254; (21) 

116. 

giesbrechti, (17) 254. 

mimica, (15) 150 ; (17) 254. 

mintUissimay (21) 116. 

palustris, (11)203, 205; (15)317. 

re/fexa, (11)204; (12)244; (21)116. 

robuata, (11) 204 ; (15) 150 ; (21) 116. 

Delphmus. See Dolphin. 
Dendrophrya erecla, (8) 317 ; (16) 274. 

mdtoto, (8) 317 ; (16) 274. 

Denmark, administration of fisheries in. 

(7)406. 
as a market for Scottish-cured 

herrings, (7) 166. 

biological station in, (8) 374. 

depr^lations of seals in, (9) 412. 

Denmark, fishenes of, (12) 399 ; (13) 340. 

fishery regulations in, (9) 411. 

Fishery Society of, (6) 305 ; (7) 406. 

fishery work in, (6) 305 ; (7) 406 ; 

(8)374; (9)410; (10)347; (11)499; 

(12)399; (13)342. 
legal sizes for immatare fishes in, 

(8)374. 

loans for boat-building in, (6) 305. 

nature of scientific fishery investiga- 
tions in, (9) 412. 

oyster fishery of, (7) 406. 

plaice fishery in CJattegat, (7) 407. 

regulations r^arding immature fish, 

(9)411. 

suine-trawling for plaice in, (7) 406. 

statistics of fisheries of, (9) 411. 

steam-trawling in, (9) 411. 

survey of fisheries of, (9) 410. 

system of insurance for fishing boats, 

(9) 412. 

trawling in, (7) 406. 

Density observations, (12) 339. 

report on, (13) 302. 

of water, efiect of wind on, (15) 

264. 
variations in, of water of Loch Fyne, 

(15) 263. 
DetUaiina legumen, (7) 314. 
Dentalium erUalis, (15) 123. 
Dentex vtUgaris, spawning period of, (4) 

244. 
Dentronotiu Jrondosus, (15) 117. 
Depletion of fishery grounds, (10) 8. 
Dercotkce punctatua, (6) 249. 
Dermaiomyzon gibberum, (12) 260. 
nigripes, (15) 154; (16) 177, 190, 

210 ; (17) 262. 
Development and life-history of the food- 
fishes, (6) 265 ; (10) 20. 
of brain in lesser sand-eel, (13) 15, 

276. 

of Cardnus mamas, (21) 142. 

of common mussel, (4) 218 ; (5) 247. 

of eggs of fishes, duration of, (15) 

370. 
influence of temperature on, 

(13) 15, 147. 
of food fishes, (11) 18, 239 ; (12) 19, 

218 ; (13) 15, 147 ; (14) 171. 

of herring, (4) 31. 

of ovary, oviduct, &c., in certain 

osseus fishes, (6) 281. 



Development of pollack, (14) 171. 
Dexamine ftpinoaa, (6) 247 ; (16) 140. 

sp., (16) 210. 

thea, (14) 160 ; (15) 140 ; (19) 262. 

vedlomensis, (7) 321. 

Diaphana hyalina, (15) 115. 
Diaphanoaoma brachyurum, (17) 177, 179, 

184, 191. 
DiapUmm castor, (8) 336 ; (16) 259, 260. 
gracUis, (9) 272, 276, 279, 282, 288 ; 

(11)223; (12)286; (13)249; (14) 168; 

(15)320; (17) 138, 139, 143, 144, 148, 

150, 153, 155, 157, 158, 159, 163, 164, 

167, 168, 171, 176, 177, 179, 181, 182, 

184. 
hirctts, (16) 249, 251 ; (17) 148, 177. 

179, 181, 182, 183, 188. 
laciniatua, (16) 249; (17) 170, 171, 

183 187. 
serricomisy (12) 288 ; (13) 188, 244 ; 

(14) 239. 

tDterzejskii, (15) 316, 319, 320, 331, 

332 ; (16) 249, 257, 259 ; (17) 155, 156, 
183 188. 

Dias iongiiyimis, (4) 148; (6) 237 ; (9) 287, 

288,300; (10)244. 

as herring-food, (4) 126. 

Diaatopora obdia, (15) 157. 
Diaalylia biplicata, (15) 134. 

comtUua, (19) 236, 274 ; (20) 510. 

luci/era, (6) 253 ; (19) 274 ; (20) 480, 

516, 523. 

raihkii, (6) 253 ; (15) 134 ; (20) 522. 

raatrata, (20) 479, 516 ; (22) 257. 

rugoaa, (4) 165 ; (6) 253 ; (8) 329, 

330 ; (15) 134 ; (16) 167, 209 ; (20) 610. 

atrigata, (4) 165. 

— — tumida, (19) 274 ; (20) 480. 
Diaatyloidea biplicata, (20) 510. 
Diaatylopaia reaima, (19) 236, 274. 
Dialoma tenue, (9) 274. 

vulgart, (9)274. 

Diatoms as food of copepods, (15) 216. 

as food of fishes, (15) 216. 

as food of marine animals, (15) 215. 

as food of young fishes, ( 16) 244. 

discolouration of sea by, ( 15) 216. 

distribution of, (15) 212. 

from Faeroe-Shetland Channel, (15) 

297. 

marine, (15) 15. 

reproduction in, (15) 217. 

seasonal abundance of, (15) 212. 

vertical distribution of, (15) 213. 

Dichtltstium aturionia, (23) 111. 
Dickson, Dr. H. N., (12) 21, 336 ; (15) 280. 
DktyochaJUnila, (15) 302. 

apectUum, (15) 302. 

Didymus-plankton, characters of, ( 15) 302. 
Difflugia acuminata, (14) 243. 

corona, (9) 274. 

globtdaria, (9) 274. 

maraupiformia, (9) 274. 

pyriformia, (9) 274. 

Digestion in fishes, (2) 31 ; (22) 170. 
Digestive organs, chemistry of, (2) 31. 

histology of, (2) 31. 

Digestibility of fresh fish, (5) 221. 

of Whitefish {Coregonua cltipei- 

formia) (5) 228. 
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Diminution of flat fishes, (12) 9. 
Diminutiye sucker. See Sucker, Mon- 
tagu's. 
Diiiematura coleoptrata, (18) 166 ; (19) 

125. 

producta, (18) 166 ; (19) 124. 

Dinemoura alata, (18) 166. 

lamncBy (18) 166. 

serrata, (19) 126. 

Dinophilus meiameroides, (7) 386. 
Diottaccus tenuicomis, (16) 161. 
Diphasia fallax, (16) 164.i 
Dtphys campanuH/era (16) 310, 311. 
Dtplecianum osguans, (23) 117. 
Dxplodwita rotundata, (8) 330. 
DxploZiOonparadoxum, (4) 216. 
Discorbina glchrdaru^ (16) 167. 

orbicularis^ (16) 277. 

rosacea, (16) 167. 

Diseases of fish, cysts in eyes of Norway 

pout from ayde, (19) 284. 
of fishes, (3)66; (4)214; (11)20, 

391,392. 
Distribution of edible fishes, (6) 33 ; (18) 

113; (22) 122. 

of eggs of ling, (16) 244. 

of food fishes, (21) 40. 

of food fishes, value of statistics 

thereanent, (21) 38. 

of pelagic eggs, (13) 16, 268 ; (16) 13. 

of pela^io invertebrate fauna of the 

Firth of Forth and its vicinity, (16) 

163. 

vertical, of pelagic fish eggs, (16)250. 

Ditylum Brightwellii, (16) 214. 

Dog-fish, black - mouthed {Priatiurus 

mdano9t(mm)y (4) 226; (16) 113, 168; 

(18) 291. 
larger spotted (Scyllium catiilus), 

(18) 291. 
lesser spotted {Sq/lliorkintts cani- 

cula), (16) 168. 

food of, (21) 226. 

picked {AeaTilhias viUgairis), (4) 

227; (16)113; (18)291. 

food of, (21) 221. 

parasites of, (20) 297. 

Dog-fishes, (4) 227 ; (10) 207. 

Dog Hole, trawling investigations at, 

(21) 17, 46, 46, 49, 62, 66. 
Dolphin, white-beaked {Delphinus 

{Lagencrhynchus) albirostris), occur- 
rence of, (20) 641. 
Dolphins, use of fire-arms against, (7) 

398. 
Dornoch Firth, physical and chemical 

examination of the water of, (6) 313, 

318, 336. 

spawning of cod, ftc., in, (23) 20. 

trawling investi^tions in. See 

Trawling investigations. 
Doris johnstoni, (16) 116. 

repanda, (16) 116 ; (16) 166, 209. 

tuberculatay (16) 116. 

Doropygus gibber, (18) 386. 

narmani, (9) 301 ; (20) 465. 

poreicauda, (16) 148; (18) 386. 

puiex, (18)386. 

Dory. See John Dory. 
Donnia exoleta^ (16) 126. 



Dosinia lincta, (16) 126. 
Doto coroncUa, (16) 166, 209. 
DouU, Mr John, (9) 177 ; (10) 188. 
Dragonet, gemmeous {CaUionymus lyra), 

(3)68; (4)232; (7)356; (16)110; (18) 

278 ; (20) 635. 

change of colour in, (3) 69. 

colour of sexes of, (3) 69. 

distribution of adult and immature, 

(8) 177. 

eggs and larva of, (9) 349 ; (16) 260. 

eggs of, (4) 212; (8) 285 ; (14) 223 ; 

(16) 91-114 ; (17) 82-84, 93, 99, 103, 

106. 

eggs of, in Firth of Clyde, (15) 250. 

fecundity of, (9) 262. 

food of, (8) 256 ; (20) 486, 495. 

mature and immature, (8) 177. 

post-larval forms of, (7) 309. 

proportion of males to females, (8) 

349. 

reproduction of, (10) 243. 

sexual proportions of, (10) 239. 

spawning of, (4) 212 ; (7) 197 ; (8) 

269 ; (17) 99. 
spotted {Calliotiymus maculatus), 

(18)279; (19)288. 

eggs of, (19) 288. 

food of, (20) 487, 496. 

parasites of, (18) 162, 168; 

(19) 129; (20)298. 

Drechsel, Capt. C. F., (7) 384; (8) 21, 

353; (9) 11, 19, 177, 410; (10) 347; 

(11)21,486; (13)16. 
Drepanopsetta elassodan, (18) 362. 

pfatessoides. See Long rough dab. 

Drepanothrix derUata, (13) 188, 245, 250; 

^14) 168, 289 ; (15) 330, 331, 333 ; (16) 

250, &c. ; (17) 141, &c. 
Dried fish cured with boracic acid, (6) 212. 
Drift-bottle ecperimente on surface cur- 

renU, (16)334. 
Dryope crenatipalfiiaUt, (6) 249. 
Dudaingston Ix)ch, amphipoda of, (17) 

168. 

cladocera of, (17) 167, 168. 

oopepoda of, (17) 167, 168. 

invertebrate fauna of, (17) 166. 

isopoda of, (17) 167, 168. 

mollusca of, (17) 169. 

ostracoda of, (17) 167, 168. 

temperatures of, (17) 166. 

DuflF, Mr W., (10) 23 ; (11) 24. 
Dulichiafalcata, (6) 250; (16) 141 ; (20) 

479, 492, 501, 603, 611, 517, 520, 623, 

627. 
manocantha, (16) 277 ; (19) 236, 267 ; 

(20) 479, 611, 617, 623. 

porrecta, (9) 308; (19) 267; (20) 

479, 492, 601, 611, 523. 

sp., (16)210. 

Dunbar, creeks at, (12) 202. 

— r- hatchery, description of, (12) 10, 

196. 
' work at, (11) 14; (12) 10, 210; 

(14) 160. 
Marine Laboratory, (8) 8 ; (9) 5, 6, 

14; (10)7; (11)8. 
Dunbeath, trawling investigations off, 

(20)94. 
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Duncker, Dr, (16) 228 ; (18) 226. 

Duration of reproductive life, (10) 238. 

Durham, Mr Herbert £., (6) 280. 

Dusky Perch. See Serranus gigas. 

Dutch fisheries, (6) 15, 907. 

fishermen, (10) 209. 

Duthie, Mr Robert, (9) 177, 181 ; (10) 
202, 288, 289; (11) 242, 246; (12) 17, 
187,218; (13) 16, 174; (14) 15, 229, 
ftc. 

Dyopedos porrecta, (9) 308. 

DyBpoiUiuB curticaudcUus (23) 148. 

normani, (20) 473. 

striatus, (6) 232. 



E 



Eabtii worms as bait, (7) 356. 

East Coast fisheries, development of, (10) 

16. 
Ehalia crancMiy (6) 257. 

tvberoaa, (6) 267 ; (15) 130 ; (20) 636. 

Echinocardium cordatum, (16) 162 ; (20) 

317, 319, 324. 

Jlavescetia, (20) 317, 319, 324. 

Echinocyamus pusiliua, (6) 230 ; (20) 316, 

319, 324, 510, 527. 
Echinoderms of Oomarty Firth, (20) 304. 

of Loch Fyne, (16) 160. 

of Moray Firth, (20) 304. 

as food of cod, (4) 136, 145. 

as food of haddocks, (4) 129. 

Schinopleura aculecUa, (19) 236, 272. 

Echinus acutus, (20) 315, 319, 324. 

esculentua, (7) 324 ; (15) 162 ; (20) 

316, 319, 324. 
mt/tam, (6) 230; (15) 162 ; (20) 315, 

319 324. 

norvegicus, (20) 316, 319, 324. 

epha^, (7) 347. 

Echiuma oxyurus, (8) 3^. 
Echthrogaleus colef^rutus, (18) 156; (19) 

125 ; (20) 292. 
Ectmosoma armtferum^ (13) 166. 
atlanticum, (9) 301, 302 ; (15) 149, 

307, 315 ; (20) 532. 
cuHicame, (13) 166 ; (15) 149 ; (17) 

253; (21)113. 

erythropsy (8) 318 ; (16) 267. 

gracile, (13) 166; (17)253; (18) 389; 

(21) 113. 
herdmani, (13) 166 ; (15) 149 ; (17) 

253 ; (21) 113. 

Umgicorm, (13) 166. 

mdaniceps, (8) 318 ; (15) 149 ; (20) 

457, 492. 

normani, (13) 166. 

propinquunif (13) 166. 

pygmceum, (13) 166 ; (15) 149. 

nartti, (15) 149 ; (20) 503, 511. 

Bpinipea, (6) 239. 

tenuicome, (13) 166. 

temiipes, (13) 166. 

Edington, Dr A., (6) 207 ; (7) 12, 368. 
EdwardMa callimorpha, (15) 163. 

cavTieay (16) 1*63. 

Eel, common {Anguilla vulgaaria), (16) 

113; (18)288. 

composition of, (5) 228. 

digestibiHty of, (6) 228. 



Eel, eggs oi, (8) 356. 

external differences between males 

and females, (13) 203. 

fecundity of, (8) 356. 

female reproductive organs of, (13) 

198. 

food of, (20) 487, 633. 

lanrsBof, (13)333. 

male, (13) 202. 

male, reproductive organs of, (13) 

198. 
migration and reproduction of, (8) 

354; (13)206. 

migrations of, (8) 354. 

oil-globules in intraovarian eggs of, 

(16) 98. 

pathological changes in, (12) 295. 

problems remaining to be solved, 

(13) 218. 

reproduction of, (13) 14, 192. 

ripe eggs of, in June, (4) 212. 

spawning period of, (4) 253. 

young of, (3) 63 ; (13) 213. 

-pout. See Burbot. 

Eel, confer. See Conger eel. 

Effect ofhooks of liners on fish-food, (12) 

19. 
EgeoHfasciatus, (16) 156, 157, 209. 
Eggs of fishes, absorption of water in 

maturation of, (16) 116. 

absorption of yolk in, (16) 211. 

artificial hatchinc of, (7) 403. 

attached to zoophytes, (3) 69. 

change in specific gravity of, 

at maturity, (16) 115. 
change in volume in demersal, 

during maturation, (16) 141. 
change in volume in pelagic, 

during maturation, (16) 141. 
changes in constituents of, 

during maturation, (16) 146. 

changes in percentage of water 



in, during maturation, (16) 143. 
changes in specific gravity of 

pelagic, during maturation, (16) 142. 
character of yolk in demersal, 

(16) 132. 
characters of embryo from 

demersal and pelagic, (16) 90. 
characters of protoplasm of, 

(16) 136. 
chemical composition of ger- 
minal vesicle, (16) 137. 
chemical composition of yolk 

of, (16) 136. 
chemical composition of vitel- 
line membrane, (16) 137. 
collected by ** Garland," (10) 

300, ftc. 
comparison of those of herring 

and sprat, (6) 304. 
comparison of yolk in demersal 

and pelagic, of teleosteans, (16) 89, 

90. 
demersal, modes of attachment 

of, (16) 93. 
development of, in ovaries, (12) 

386. 
different character of yolk in 

demersal and pelagic, (16) 98, 99. 
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Eggs of fishes, difficulty of diagnosing, 
when preserved, (15) ^. 

distribution of pelagic, (10) 

201 ; (13) 15, 268 ; (15) 2lk 

duration of development of 

embryo, (15) 370. 

e£feot of currents in drifting 

pelagic, (17) 119. 

germinal vesicle of, (16) 106, 

121. 

growth of volk in, (16) 116. 

haddocks teeding on, (4) 133. 

hatched at Dunbar, (13) 8, 

9,123. 

histological changes at matura- 
tion of, (16) 120. 

'— identification of, (17) 81. 

in relation to trawling, (7) 401. 

increase in volume of, at matu- 
rity, (16) 112, 114. 

influence of light on develop- 
ment of, (15) 178. 

influence of salinity on, (7) 403. 

intraovarian, (16) 100. 

intraovarian, of common dab, (16) 

96. 

* of angler, (16) 125. 

of grey gurnard, (16) 96. 

of hacidock, (16) 96. 

of John Dory, (16) 102. 

of Norwegian topknot, (16) 97. 

of torsk, (16) 115. 

in small plaice, (20) 356. 

maturation of, (16) 126. 

membranes of, (16) 104. 

methods of determining specific 

gravity of, (16) 138. 

methods of preserving, (14) 223. 

natural destruction of, (5) 231. 

oil-globules in, (16) 97. 

oil-globules in intraovarian of 

eel, (16) 98. 

physical characters of yolk, 

(16) 136. 

primitive circulation in, (16) 

211. 

rate of diminution of yolk in 

plaice, (16) 223. 

reaction of yolk, (16) 137. 

relation between oil-globules 

in, and oil in fish, (7) 386. 

relation of character of yolk to 

time taken in development, (16) 123. 

relation of yolk to size and 

development of zote in Crustacea, (19) 
114, 115. 

remarks on, (3) 61. 

report on, procured by ** Gar- 
land," (15) 246. 

role of phosphorus in matura- 
tion of, (16) 160. 

seasonal abundance of, in Loch 

Fyne, (17) 94. 

specific gravity of, (16) 142. 

specific gravity of demersal, 

(16) 142. 

specific gravity of pelagic, (17) 

116. 

teleoetean, maturation of, (16) 

88. 



of fishes, total volume of, produced 
>y various fishes, (16) 123. 

unidentified, (11) 245, 246. 

variation in buoyancy of 

pelagic, (17) 117. 

variation in size of, (13) 15, 271. 

variation in specific gravity of 

pelagic, (16) 114. 

weight of, (16) 145. 

zona radiata of, (16) 104. 

Bggs of fishes, pelagic, cause of buoyancy 

of, (16) 112. 
carried by currents, (8) 258; 

(15) 337 ; (16) 238. 

cause of floating of, (16) 90. 

change of volume in, during 

maturation, (16) 142. 

character of yolk in, (16) 118. 

devoured by Crustacea, (9) 396. 

direction of drift of, (16) 374. 

distribution of, (15) 13. 

distribution of, vertical, (15) 

250. 
distribution of, vertical, in 

Loch Fyne, (17) 108, 116. 

drift of, in Loch Fyne, (17) 121. 

eaten by herring, (17) 119. 

estimate of the number in Loch 

Fyne, (17) 109. 
from Aberdeen Bay, (8) 289 ; 

(11)264; (12)30a 
from Firth of Clyde, (9) 335- 

336 ; (15) 247, 251. 
from Firth of Forth, (8) 286, 

288; (9) 336-349; (10) 304-315; (11) 

257 ; (13) 260-263, 269 ; (14) 226 ; (16) 

221, 247, 251. 

from Loch Fyne, (17) 79. 

from Montrose, (8) 287; (11) 

254; (12)300; (14)225. 
from Moray Firth, (8) 287 ; (9) 

340; (11)254; (12) 300; (13) 268, 270; 

(14) 224 ; (15) 255. 

from Orkney, (13) 269. 

from St. Andrews Bay, (8) 

286, 287 ; (9) 340 ; (11) 263; (12) 298, 

299, 301 ; (13) 260, 261, 264 ; (14) 225. 

r- from Stonehaven, (12) 300. 

in Loch Fyne, comparison of 

number with number of copepods, (17) 

112. 
in Loch Fyne, stage of develop- 
ment of, (17) 100. 

of angler, (21)189. 

of armed bullhead, (16) 91. 

of Atherina hepsetu8, (9) 419. 

of ballan wrasse, (5) 246. 

vitaHty of, (5), 246. 

of bib, (16) 91, 116 ; (17) 94. 

— - of brill, (10) 279 ; (16) 91, 114, 115. 

of Carcinus mceiuu, (21) 138. 

of cat-fish, (5) 356 ; (16) 91 ; (23) 262. 

of coal-fish, (10) 287 ; (11) 242 ; (12) 

218; (13)273; (16)91,114. 

distribution of, (16) 243. 

in Firth of Clyde, (15) 249. 

of cod, (13) 272 ; (14) 223 ; (16) 91, 

114, 116. 
distribution of, in Firth of 

ayde, (15) 249. 
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Eggs of cod, occurrence of, in Firth of 

Forth, (15)221. 
Sar's discovery that they float, 

(16)88. 
of common dab, (13) 274 ; (14) 223 ; 

(15)238; (16)91, 114. 
distribution of, in Firth of 

Clyde, (15) 260. 

of conger, (9) 392. 

of copepoda, (8) 363. 

of Crustacea, (17) 114. 

of decapod Crustacea, mode of 

attachment, (22) 116. 

of diminutive sucker, (16) 91. 

of dragonet, (14) 223 ; (16) 91, 114 ; 

(17) 99. 

in Firth of Qyde, (15) 260. 

of edible crab, characters of, (22) 1 12. 

description of, (18) 88. 

mode of attachment of, (22) 

108, 115. 

number of, (18) 89. 

time of hatching of, (18) 88. 

of eel, (8) 356. 

of four-bearded rockling, (16) 91, 

116. 

of five-bearded rockling, (13) 273. 

of flounder, (13) 274 ; (14) 223 ; (16) 

91, 114. 

distribution of, (15) 231. 

distribution of, in Firth of 

ayde, (15) 260. 
of gadoids, difficulties in diagnosis 

of, (17) 81. 
of Oalathea diapersay mode of 

attachment of, (22) 117. 
of grey gurnard, (14) 223 ; (16) 91, 

114, 116. 

distribution of, (15) 239. 

distribution of, in Firth of 

Clyde, (15) 249. 

of gurnard, red, (16) 91, 114, 115. 

of haddock, (13) 271 ; (16) 91, 114, 

116. 

distribution of, (16) 224. 

distribution of, in Firth of 

Clyde, (15) 249. 
duration of development of, 

according to temperature, (19) 211. 

of hake, (12) 224 ; (17) 93. 

of halibut, (4) 224; (10) 285; (11) 

242; (16)91, 114. 

of herring, (16)91. 

change in volume of, during 

maturation, (16) 141. 
duration of development of, 

(6)306. 

of horse-mackerel, (16) 206. 

of Jago's goldsinny, (17) 94. 

of John l>ory, (16) 126. 

characters of mature, (16) 133. 

maturation of, (16) 131. 

of king-fish, (19) 290. 

of lemon dab, (16) 91, 114, 116. 

specific gravity of, (7) 386. 

of lesser sand-eel, (16) 91. 

-1 — of lesser silver smelt, (16) 91 ; (19) 

286. 

of lesser weever, (16) 114. 

of ling. (16) 91, 114, 116. 



Eggs of lobster, mode of attachment of, 

(22)117; (23)101,102. 

of long rough dab, (16) 91, 114. 

in Firth of Clyde, (16) 248. 

of long-spined oottus, (16) 91. 

of lumpsucker, (10) 243 ; (16) 91. 

volume of, (16) 141. 

of mackerel, (16) 91, 114 ; (17) 93. 

specific gravity of eggs of, (7) 

386. 
of megrim, (10) 292 ; (12) 224 ; (16) 

91, 114. 
- — of megrim in Firth of Clyde, (16) 

250. 

of moUusks, (4) 217. 

of Muller's topknot, (17) 94. 

of Munida rugosa, {22) 116. 

of Ntphfops norvegicuSf mode of 

attachment of, (22) 118. 

of Norway haddock, (19) 288. 

topknot, (12) 228 ; (16) 91. 

of Phtynorhc/mbus ummactdalu8y{\7) 

94. 

of pike, (6) 347. 

of pipe-fiiiBhes, development of, (13) 

333. 

of plaice, (13) 273 ; (16) 91, 114, 116. 

change in volume during 

maturation of, (16) 141. 

distribution of, (15) 229. 

distribution of, in Firth of 

ayde, (16) 248. 
drifted into Firth of Forth, 

(15) 230. 

of pollack, (10) 288 ; (17) 93. 

of poor-cod, (11) 239; (14) 223. 

of rockling, (14) 223. 

of rocklings in Firth of Clyde, (15) 

250. 

of sand-eel, (12) 313. 

of sardine, (8) 373 ; (9) 418, 420. 

of scaldback, (17) 94. 

of sea-scorpion, volume of, (16) 91, 

141. 
of sharp-tailed Lumpenus, (19) 287 ; 

(22) 203. 

of shore-crab, (22) 119. 

of shrimp, (19) 93. 

mode of attachment of, (22) 

118. 

of smelt, (16)91. 

of sole, (16) 91, 114, 116. 

in Firth of ayde, (16)260. 

of solenette, (16) 91, 114, 116. 

specific gravity of, (7) 386. 

of spotted dragonet, (19) 288. 

of sprat, distribution of, (15) 234. 

distribution of, in Firth of 

Clyde, (15) 249. 
of teleostean fishes, changes at 

maturation of, (16) 89, 110. 
changes which render them 

pelagic, (16) 89. 
characters at maturity of, (16) 

110. 
chemical composition of, (16) 

136. 
distension of, in maturation, 

(16) 89. 

formation of yolk in, (16) 98. 



Digitized by 



Google 



of the Fishery Board for Scotland. 



199 



Eggs of teleostean fishes, growth and 

maturation of, (16) 88. 

nature of, (16) 88, 89. 

physical and chemical changes 

in, during maturation, (16) 135, 138. 
significance of the yolk in, 

(6)280. 
of thickback, (22) 286. 

— TomoptertB otUsc\fi)rmiSy (6) 282. 
of turbot, (10) 274 ; (12) 223 ; (13) 

14, 224, 274 ; (16) 187 ; (16) 91, 114. 

change in specific gravity in 

development, (15) 188. 

distribution of, (15) 242. 

of tusk, (10) 288 ; (16) 91, 114. 

of whiting, (13) 272 ; (16) 114. 

distribution of, (15) 223. 

of witch, time taken to hatch, (16) 

91, 114, 115; (22)186. 

Egypt, fisheries of, (13) 347. 

Ehrenbaum, Professor, (9) 406 ; (10) 343; 
(11)21,487; (13) 16; (16) 227; (18) 
335; (19)92. 

Eiscladua ImgicaucUUtu, (10) 265. 

Ekstrom's topknot. Su Topknot, Nor- 
way. 

Electric light, value of, in tow-netting, 
(7) 387. 

use of, in deep-sea research, (7) 395. 

use of, in fishing in Spain, (8) 370. 

'* Electric" organ in skates, the, (6) 

277. 
Electric ray. See Torpedo. 
Eledane, sp., (21) 199. 
Elyjfia virtdis, (15) 117. 
Emarginula crcuMa, (15) 122. 

/Mt»ra, (15) 122. 

Embryology of the retina of teleosteans, 

Emigration of amoeboid corpuscles in the 

star-fish, (6) 28C. 
Enchelyopus (Zoarces), viviparus. See 

Blenny, viviparous. 
Encyonema ccBspitosum, (9) 274. 
Engraulis encrtuicholut. See Anchovy. 
Enhydroeoma curvoUum, (8) 319 ; (15) 

152 ; (21) 122, 123. 

graciUy (21) 122. 

mintUum, (21) 123. 

EnsaUUa americatma, (7) 341. 
Enierocola eruea, (9) 301. 

fulgpu, (9) 301 ; (18) 386. 

EnUropeis vararensis, (19) 241. 

Entomoetraca, notes on, (5) 328. 

of lochs and inland waters. See 

Fauna, invertebrate. 
Eolis ammata, (20) 5) 1. 

popi/fo**, (15) 117. 

sp.,(16)209. 

Eopselta, (18) 352. 
Ephimedia eblanae, (15) 169. 
EpibdeUa hippoglossi, (19) 142. 
Ifpimeria comigera, (8) 328 ; (15) 139 ; 

(18)401; (19)236,262; (20)510,516. 
<ti6«rcu^a<a, (15)169; (17)265; (18) 

401. 
EpUhemia sarex, (9) 274. 

turgida, (9) 274. 

ErgasUtis gasteraeleh (18) 146. 
nanus, (19) 122. 



ErgcutUus sieMdii, (19) 124. 
Erichthanius abditus, (6) 249 ; (15) 141 ; 

(18) 402. 

flfe/ormw, (6) 249 ; (20) 501, 523. 

hunteri, (14) 161 ; (19) 265 ; (20) 501. 

Erpetocypris olivacea, (9) 282. 

reptana, (8) 340, 341, 342 ; (9) 272, 

276, 282, 283, 284, 286, 288 ; (13) 188, 

245 250. 

robertsmi, (9) 281, 282. 

strigata, (8) 336, 337, 341, 343 ; (9) 

272,284. 
tume/aeta, (8) 336, 337, 339, 340 ; 

(9) 272, 282, 284, 286. 
Eryihrope eUgans, (15) 134; (17) 268; 

(18)403,404; (20)491. 
gofyii^ (7) 322; (16) 168, 160,209; 

(20) 448, 480, 616, 520, 522. 
distribution of, in Firth of 

Forth, (16) 161. 

pygmoMy (4) 158 ; (7) 322. 

$errala, (7) 322 ; (8) 330 ; (15) 169 ; 

(16) 262 ; (17) 268 ; (18) 404 ; (19) 236, 

277 ; (20) 510, 523, 624. 
Escaroides rosaceay (15) 157. 
E90X lucius. See Pike. 
Elropus, (18) 357. 
Eucalanua crassus, (15) 307, 312; (18) 

382; (19)236,237; (21)110. 
eUmgatus, (16)306, 307, 309, 310, 311, 

312; (18) 383; (19) 236, 237 ; (21) 110. 
EwMimpia groefilandica, (15)>214. 

zodiacuiy (15) 214. 

Eucanuella apintfera, (19) 236, 246 ; (20) 

456. 
Euchata norvegica, (15) 146, 305, 307, 308, 

309, 310, 311, 314 ; (17) 113, 248. 
Eucythere anglica, (6) 244. 

argus, (6) 244. 

declivis, (6) 244 ; (15) 143. 

Eudactylina acanthii, (20) 296. 

acuta, (20) 293 ; (22) 277. 

minuia, (22) 275. 

eimilia, (20) 296. 

Eudendrium rameum, (16) 164. 
Eudorella deformU, (8) 329. 

emarginajta, (20) 516. 

inermis, (7) 322. 

margmata, (17) 267. 

truncatula, {1)322; (16)134; (16) 

167, 299 ; (17) 267 ; (20) 603, 610, 516. 
Eudarellopsis deformU, (8) 329 ; (17) 267; 

(19) 274 ; (20) 510 ; (20) 243, 258. 
Eugyophrys, (18) 357. 

Eulima bUineata, (16) 121. 

incurva, (16) 121. 

intermedia, (15) 120. 

polUa, (8) 831 ; (16) 120. 

EulimeUa adcula, (15) 121. 

sciUce, (16) 121. 

Bhimeniajejffreysii, (16) 169. 
Eunice norvegiea, (16) 169. 
Eunicicola dauaii, (20) 481. 
Euonyx chelatua, (19) 236, 258. 
Eupagurus bemhardus, (6) 258 ; (16) 130; 
(20)511,616,636. 

cuaneMis, (6) 268 ; (20) 622, 627. 

prideaux, (16) 130. 

pubeacena, (6) 268 ; (16) 131 ; (20) 607. 

acuJtptwumua, (6) 268 ; (16) 130. 
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JSuphausii raachii^ (4) 157. 
Eupogebia deltura, (19) 278. 
Eutycercus lamellatus, (8) 339 ; (9) 273) 
277, 283, 291 ; (11) 232 ; (12) 286 ; (13, 

188, 245, 250, ftc. 
Eurycope phcUangium, (15) 135. 
Eurydtee achata, (20) 493. 

pukhra, (6) 251 ; (15) 135 ; (16) 168, 

210; (19)271. 
Eurynome aspera, (6) 256. 
EurynUiu iiisolens, (16) 279 ; (20) 481. 
Eurysthetis erythrophthcUmus, (6) 248. 
Euryte Umgicaudoy (23) 143. 
Eurytemara affini8,'(lO) 245 ; (11) 203 ; 

(18)385; (19)238; (23)67. 

clausii, (13) 249, 251. 

kirundoy {10)245, 

lacinulaia, (15) 317 ; (17) 251, 270. 

velox, (18) 384 ; (20) 495, 507, 525, 

527, 632, 534. 
Eusirus hnffipes, (15) 139 ; (17) 265 ; (18) 

402 ; (19) 262. 
Eulhemisto compressa, (10) 266, 266 ; (16) 

170, 176, 210. 
Evadiu nordmannii, (6) 245; (15) 141, 

306, 308, 309, 310, 311 ; (16) 210 ; (20) 

532,633. 
Ewart, Professor J. C, (5) 43; (6) 26, 

189, 203, 277, 282, 287, 289, 295 ; (7) 
9, 182, 384 ; (8) 351 ; (9) 320. 

Exhaustion of Forth oyster-beds, (14) 13, 

260. 
Exocetus volitans. See Flying-fish. 
Expense of fish-hatching, (21) 181 ; (23) 

121. 
Experiments in cross-fertilisation of fish, 

(8)368. 
on currents and the transport of 

pelagic eggs, (13) 153. 

on me^ of nets, (12) 302. 

on migrations of fish, (16) 376. 

with small-meshed nets, (21) 40. 



Facelina drummondii^ (15) 117. 

Faeroe, trawling investigations at, (23) 
32. 

Faeroe-Shetland Channel, animal plank- 
ton of, (15) 306. 

currents of, (15) 287. 

diatoms from, (15) 297. 

direction of surface currents in, (16) 

340. 

physical observations in, (15) 280. 

saunity observations in, (15) 282. 

temperature observations in, (15) 

282. 

Father-lasher. See Scorpion, ea-. 

Fauna of Firth of Forth, 7 311 ; (9) 
14, 300; (10) 18; (11) 17, 197; (12) 
231 ; (13) 15, 167 ; (14) 15, 168. 

West Coast, of " Garhmd " expe- 
dition, (9) 13, 297. 

invertebrate, of inland waters of 

Scotland, (8) 334; (9) 269; (H) 220; 
(12) 284 ; (13) 237 ; (14) 167 ; (15) 316 ; 
(16) 248. 

of Dnddingston Loch, (17) 

132, 165. 



Fauna, invertebrate, of Loch Achnacloichy 

(9)269. 

of Loch Doon, (17) 132. 

of Loch Coulter and Coulter 

Bum, (8) 334. 
of Loch Garry (Ailsa Crai^;)* 

(16) 261. 

^-_ of Loch Leven, (17) 132. 

of Loch Lomond, (17) 132. 

of Loch Strathbeg, (9) 269. 

of Lochs in vicinity of Glas- 
gow, (13) 237. 

of Lochs of Argyleshire, (9) 

269; (12) 289; (16) 316 ; (16) 26L 

of Lochs of Bute, (16) 316 ; (16) 

261. 

of Lochs of Caithness, (9) 269. 

of Lochs of Fifeshire, (9) 269. 

of Lochs of Forfar (16) 316; 

(17) 132. 

of Lochs of Inverness, (9) 269 ; 

(11)220; (17)132. 

of Lochs of Orkney, (9) 269. 

of Lochs of Outer Hebrides, 

(13) 237. 

of Lochs of Perthshire, (12) 

284 ; (13) 237 ; (14) 167 ; (17) 132. 
of Shetland lochs, (13) 174 ; 

(14) 229 ; (15) 316, 328, 329 ; (16) 248. 
distribution of pelagic, in Firth 

of Forth, (16) 153. 
Favorinus albus, (16) 117. 
Fecundity of sea-fishes, (9) 12, 243 ; (10) 

190; (16) 370. 
of fishes with demersal eggs, (15) 

376. 

with pelagic eggs, (16) 376. 

proportional number of ova pro; 

duced oy di£ferent species, (9) 248. 
variation of, in individuals of same 

species, (9) 248. 
Fedderson, Mr A., (6) 16, 276. 
Fiercuifer, sp. , larval, from North Sea, (22) 

283. 
Fifteen-spined stickleback. See Stickle- 
back, nfteen-spined. 
Filigrana implexa^ (16) 167. 
Firth of CSyde, condition of fishing 

grounds in, (6) 6. 

Crustacea of, (16) 277 ; (17) 248. 

description of trawling stations in, 

(18) 20. 

fishes of, (18) 272. 

importance of investigations in, (14) 

18. 
larval fishes of, (9) 335, 336 ; (15) 

261. 
methods of fishing for herrings in, 

(18) 249. 

migrations of ffumards in, (17) 216. 

pelagic eggs of, (9) 336-336 ; (16) 

247, 261. 

pelade fauna of, (15) 71. 

physical observations in, in 1896, 

(15) 94. 

post-larval fishes of, (9) 335, 336 

(14) 227 ; (15) 261. 
trawling experiments in, (6) 32 

(12) 12 ; (14) 11, 21 ; (15) 22 ; (16) 22 ; 

(17)28; (18)20; (20)29. 
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Firth of Clyde, young fishes of, (9) 335, 

336; (15)251,259. 
Firth of Forth, alkalinity of, (5) 352. 

amhipoda of, (16) 170. 

as a nursery for younj; fish, (6) 48. 

bye-law closing, against trawling, 

(5)44. 

cladoceraof, (16) 177. 

copepoda of, (16) 177. 

Crustacea, revised list of, (6) 235. 

ctenophora of, (16) 194. 

ciimaoea of, (16) 167. 

• — decapod Crustacea of, (16) 156. 
dependence of, on eggs spawned 

ofibhore, (15) 230. 

distribution of Acartia in, (16) 186. 

distribution of Calanxu finmarchicxts 

in, (16) 180. 
distribution of SSrythrope goesii in, 

(16) 161. 
distribution of Euphasiid» in, (16) 

159. 

distribution of Mysidae in, (16) 163. 

distribution of Parathemisto in, (16) 

173. 
distribution of pelagic invertebrate 

fauna of, in 1889-1895, (16) 153. 

distribution of 8agHta in, (16) 190. 

distribution of Sohizopoda of, (16) 

164. 
distribution of Temora longicomis 

in, (16) 183. 
fauna of, additions tu, (7) 311 ; (8) 

312 ; (9) 300; (10) 244 ; (11) 197 ; (12) 

231 ; (13) 165 ; (14) 158. 

fisheries of, (9) 178. 

former productiveness of, (5) 47. 

hydromedusffi of, (16) 194. 

isopoda of, (16) 168. 

larval and young Crustacea, dis- 
tribution of, in, (16) 197. 
larval fishes in, (8) 286, 288 ; (9) 

336 ; (10) 304 ; (11) 257 ; (13) 260, 263, 

269 ; (14) 226 ; (15) 250, 251. 

migrations of ^urnaids in, (17) 210. 

oysterbeds of; (14) 13, 244, 265 ; 

(15) 14. 

pelagic coelenterata of, (16) 194. 

pelagic ^;gs of fishes in, (8) 286, 288 ; 

(9)336-340; (10)304-315; (11)257; 

(13) 260, 261-3, 269 ; (14) 226 ; (15) 

221, 247, 251 ; (16) 203. 

pelagic fauna of, (15) 64 ; (16) 153. 

pelade vermes of, (16) 190. 

physical conditions of, (5) 50, 349. 

physical observations in, (15) 89. 

poet-larval fishes of, (8) 286, 288 ; 

(9) 336-340 ; (10) 304-315 ; (11) 257 ; 

(13) 260, 261-3,269 ; (14)226 ; (15)251. 

salinity of, (5) 350. 

schizopoda of, (16) 158. 

temperature observations in, (5) 353. 

trawling experiments, comparison 

of periods, (14) 146 ; (20) 21. 
trawling experiments, decrease of 

§laice and lemon dabs in, (14) 146 ; (20) 
3, 26, 28. 

trawling experiments, increase of 

common dabs and long rough dabs in 
closed area, (14) 146 ; (20) 25, 26, 28. 



Firth of Forth, trawling investigations 

in, (6) 27 ; (12) 13, 17, 24 ; (14) 128 ; 

(20)20. 

trawling stations in, (5) 52; (14) 131. 

use of seine in sprat fishery in, (18) 

244. 
young fishes of, (8) 286, 288 ; (9) 

336-340; (10)304-315; (11)257 ; (13) 

260-263, 269 ; (14) 226 ; (15) 251. 
Fish, application of the term *Mm- 

mature," (8) 192. 

artificial hatching of, (5) 230. 

as food of cod, (4) 136, 146. 

as food of haddocks, (4) 131. 

bacteria in living, (6) 287. 

circulatory system in teleostean 

embryos, (16) 213. 
Commission of United States, work 

of, (3) 79, 80. * 

composition of (5) 221. 

observations on, (15) 190. 

Fish-culture in America, progress of, (3) 

78. 

in Canada, (12) 392. 

in France, (12) 403. 

in Lancashire, (13) 334. 

in New South Wales, (12) 393. 

in the United States, (12) 394. 

Fish, definition of " large " and ''small,*' 

cauffht by line, (8) 187. 
destruction of, in Australia by 

Peridinia, (9) 400. 
difficulties of diagnosis of young 

flat, (16)226. 
digestibility of, compared with 

beef, (5) 223. 
distribution of young gadoids, (19) 

289. 

economic products from, (4) 256. 

elasmobranch, cranial nerves of, 

(7)385. 
excretory products in the gut in 

embryo teleosteans, (16) 217. 
experiments on digestibility of, (5) 

223. 
experiments on vitality of, caught 

by trawl, (8) 184. 

extracts of, (4) 257. 

fat in muscles of, (5) 226. 

feeding during spawning period, 

(4) 101. 

fresh, digestibility of, (6) 221. 

fresh, nutritive value of, (5) 221. 

Fishes, growth of. See Growth. 
Fish-hatching at Hovrietoun, (5) 230. 

conditions of, (5) 237. 

Dannevig apparatus for, (5) 238. 

expense of, (21) 181. 

in Newfoundland, (18) 835. 

in Norway, (5) 234; (7) 403; (17) 

208. 

jar for adhesive e^gra, (5) 238. 

principles of, (5) ^1. 

report on, (17) 205. See alw 

Hatching. 
Fish, hybndism in, (7) 382. 
immature, biological definition of, 

(8) 160. 
their distribution and capture 

by various modes of fishing, (8) 157. 
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Fish, immature, capture and destruction 

of, (7) 5 ; (9) 201 ; (12) 18, 302. 
capture by bag-net or stow-net 

fishing, (8) 190 ; (23) 156. 
capture of, by hooks. (8) 378 ; 

(13) 14, 133. 

capture of, by liners, (8) 187. 

capture of, by lines and beam 

trawls, (9) 29. 
capture of, by shrimp nets, (8) 

185; (9)206. 
capture of, by trawling, (8) 

179, 195. 
capture of, in North Sea, (13) 

332. 
^comparison of territorial and 

extraterritorial waters regaining, (8) 

177. 
— • comparative destruction of, by 

trawl and hook, (6) 3. 
conference on the destruction 

of, (8) 360 ; (9) 201, 389 ; (10) 345. 

definition of, (8) 160, 163. 

destruction of, (8) 362. 

destruction of, by seines, (8) 

190. 
destruction of, by weirs, (8) 

190. 
distribution of, (8) 10, 167; 

(13) 333. 
distribution of, according to 

depth and distance from shore, (8) 

166, 167, 160 ; (10) 333. 
distribution of, in inshore and 

ofliBhore waters; (8) 163. 
distribution of, oflbhore, (9) 

4, 182, 391, 395, 406. 
enquiry as to destruction of, 

in Belgium, (9) 416. 
enquiry as to destruction of, 

in HolUnd, (9) 412, 413. 
enquiry as to presence of, in 

deep water, (9) 391. 

enquiries regarding, (8) 159. 

escape of, from otter- trawl, 

(20)327. 
experiments on vitality of, (12) 

387. 
investigations on, in Denmark, 

(13) 340. 
legal sizes for, in Denmark, (8) 

374. 

legal sizes for, in Italy, (8) 375. 

legislation for the protection 

of, (8) 157. 

limite of, (22) 18. 

limits suggested for sale of, 

(12) 385. 
minimum sizes fixed for, (8) 

158. 

nurseries of, (9) 4. 

official enquiries regarding des- 
truction of, (8) 159. 
practical difficulty of enlarging 

mesh of trawl-nets for protection ot, 

(8) 196. 
principles of the protection of, 

(8) 192, 196. 
proportion of, to adults taken, 

(8) 164. 



Fish, immature, protection of flat fish, 
(14) 148. 

proportion of, landed by line 

fishermen, (8) 378. 

proportion of, landed by trawl- 
ers, (22) 16. 

regulations proposed regarding, 

in England, (9) 393. 

regulations regarding, in Bel- 
gium, (9)416. 

regulations regarding in Den- 
mark, (9) 411 ; (10) 247. 

regulations regarding, in 

France, (9) 202. 

regulations r^arding, in Hol- 
land, (9) 413 ; (10) 350. 

regulations regarding, in Italy, 

(9) 202. 

r^ulations regarding, in New 

South Wales, (9) 399. 

size of, among different species, 

(22) 17. 

their distribution and capture 

by various modes of fishing, (8) 157. 

used for manure, &c., (8) 158. 

importance of accurate measure- 
ments of, (20) 326, 330. 

influence of cold on, (9) 420. 

landed, imperfection of statistics of, 

(20) 76. 

lateral sense organs of, (16) 216. 

limit of size dividing mature from 

immature, (8) 161, 163. 
meal, (6) 297. 

method of determining solids of, 

(5)222. 

method of preparation of, in tins, (5) 

2*^0. 
methods of rearing larvae of, (16) 177. 

migrations of, in relation to 

currents, (15) 375. 

notes on teleoetean development, 

(16) 811. 

numerical variation at different 

seasons, (6) 36. 

nurseries of young, (8) 177. 

oils, (4) 258. 

preservation of, (4) 259 ; (6) 289. 

proportion of mature and immature, 

caught by trawling, (8) 180. 

relative abundance of, (6) 91. 

relative proportion of small, cap- 
tured, (6) 36. 

rearing experiments with flat, (16) 

219. 

rearinff post-larval plaice, (16) 223. 

reproduction and development of 

teleostean, (7) 386. 

respiration of teleostean embryo, 

(16) 213. 

supply <m German coast, diminution 

of, (9) 405. 
transport of live European, to 

America, (8) 363. 
• weight and sizes of, brought to 

Aberdeen market, (22) 89. 
Fisher Bank, catches from, (21) 38. 

plaice on, (21) 41. 

statistics relating to, (21) 38. 

trawling investigations on, (21) 25. 
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Fisheries in extra-territorial waters, 
international conference on, (9) 389. 

of Denmark, (13) 340. 

of England and Wales, (9) 393 ; (12) 

380. 

of France, (8) 372 ; (9) 420. 

of Holland, (13) 340. 

of North Sea, question of regulation 

of, in Germany, (9) 406. 

of Shetland, (10) 202. 

of Solway, (4) 256. 

Fishermen, decline in number of, (10) 8. 

technical instruction to, (22) 264. 

Fishery Commission of 1883, recom- 
mendations of, (6) 43. 

regulations, (10) 189. 

statistics. Set Statistics, fishery. 

Fishes, change of colour in, (3) 69. 

comparison of embryos from 

demersal and pelagic eggs of, (16) 90. 

comparison of larvae of, from 

demersal and pelagic efi;gs, (16) 123. 

copepod parasites ofH^S) 146. 

crustacean parasites of, (18) 144. 

description of measuring tables for, 

(20)330. 

development of teleostean, (6) 302. 

different rate of growth of sexes of, 

(20) 333. 

diseases of, (3) 66. 

feed little at low temperatures, (22) 

162, 171. 

food of. Ste Food. 

growth and maturation of the eggs 

of teleostean, (16) 88. 
influence of temperature on growth 

of, (22) 169. 
influence of temperature on rapidity 

of digestion in, (22) 171. 
larvae of, transported by currents, 

(16) 368. 

larval, of Aberdeen Bay, (8) 289 ; 

(11)264; (14)226. 

of Firth of ayde, (9) 336, 336 ; 

(16) 261. 
of Firth of Forth, (8) 286, 288 ; 

(9)336-346; (10) 304-315; (11)267; 

(13) 260-263, 269 ; (14) 226 ; (16) 261. 
of Loch Fyne, (16) 264; (17) 

121. 
of Moray Firth, (8) 287 ; (9) 

340; (11)264; (13)268,270; (14)224; 

(16) 266. 
of Montrose, (8) 287 ; (11) 264 ; 

(12)300; (14)226. 

of Orkney, (13) 269. 

of St. Andrews Bay, (8) 286 ; 

(11) 263 ; (12) 299, 301 ; (13) 260, 261- 

264 ; (14) 226. 

marine, of Loch Fyne, (16) 107. 

marking experiments with, methods 

employed, (8) 364. 
migrati6ns of, in relation to tem- 
perature, (20) 336. 
mode of capture of, by liners, (4) 

201. 
natural destruction of eggs of, (6) 

231. 
nature and composition of ovarian 

fluids of, (16) 149. 



Fishes, nature of eggs of teleostean, 16 

89. 

"of Firth of Clyde, (18) 272. 

of Loch Fyne, list of, (4) 232. 

old ideas as to spawning places, (8) 

164. 

on lines, injuries to, (4) 203. 

ovaries of teleostean, (16) 92. 

parasites of, (19) 120 ; (20) 288 ; (22) 

276 ; (23) 108. 
parasites on young plaice and 

flounders, (16) 242. 
physical and chemical changes in 

ova of teleostean, during maturation, 

(16) 136, 138. 
post-larval, of Aberdeen Bay, (8) 

289; (11)264; (14)226. 
of Firth of Clyde, (9) 336, 336; 

(14) 227 ; (16) 261. 
of Firth of Forth, (8) 286, 288 ; 

(9) 336-310 ; (10) 304-316 ; (11) 257 ; 

(13) 260-263, 269 ; (14) 226; (16) 26L 
of Loch Fyne, (15), 264 ; (17) 

121. 
of Montrose, (8) 287 ; (11) 264; 

(12)300; (14)226. 
of Moray Firth, (9) 340; (II) 

254 ; (13) 268, 270 ; (14) 224 ; (16) 266. 

of Shetland, (14) 227. 

of St. Andrews Bay, (8) 286, 

287 ; (11) 263 ; (12) 299, 301 ; (13) 260, 

261,264; (14)226. 
vertical distribution of, (17) 

127. 
proportion of marketable to un- 
marketable, taken by trawlers, (22) 13. 

rate of growth of. Set Growth. 

relation of length to weight, (22) 

142. 
relative sensitiveness of, to sudden 

changes in temperature, (22) 162. 

remarks on growth of, (3) 64. 

respiration of teleostean embryo, 

(16) 213. 
sense organs and perceptions of, (8) 

362. 
spawning periods of. Set Spawning 

periods. 
specific gravity of ovarian fluid of, 

(16) 138. 

synonyms of British, list of, (2) 74. 

unmarketable, description of, (22) 14. 

with demersal eggs, fecundity of, 

(16) 376. 
with pelagic eggs, fecundity of, (16) 

376. 
young, distribution of, in Moray 

Firth, (15) 267. 
in Loch Fyne, proportion of 

food fishes, (17) 127. 
of Aberdeen Bay, (8) 289 ; (11) 

264; (14)226. 
of Firth of Qyde, (9) 336, 336 ; 

(16) 251, 269. 
of Firth of Forth, (8) 286, 288 ; 

(9) 336-340; (10) 304-316; (11) 267; 
(13)280-263, 269; (14) 226; (16) 261 

of Loch Fyne, (16) 264. 

at Montrose, (8) 287 ; (9) 341 ; 

(10) 304 ; (11) 264 ; (12) 300 ; (14) 226. 
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Fishes, young, of Moray Firth, (8) 287 ; 

(9) 340; (10) 304 ; (11) 254 ; (13) 268, 

270; (14)224; (15)255. 
of St. Andrews Bay, (8) 286, 

287 ; (11) 263 ; (12) 299, 301 ; (13) 260, 

261, 264 ; (14) 225. 
on deep-water grounds, (19) 

189. 
Fishing, capture of immature fish by 

various methods of, (8) 179. 

gear, amount of, (10) 179. 

grounds, extension of, (10) 188. 

method of ascertaining produc- 
tiveness of, (21)38. 

of Firth of Qyde, (6) 5. 

of Stonehaven district, (6) 222. 

on the east coast of Scotland, 

(9) 11, 177. 
Five-bearded rockling. See Rockling, 

five-bearded. 
Flat fishes, arrangement of muscles in, (4) 

168. 

classification of, (18) 335. 

comparison of nasal organ in, (18) 

338. 
decrease in supply of, (11) 9, 10, 11, 

12, 24,27; (12)9,384. 
decrease of, in closed areas, (14) 12, 

146. 

diagnostic characters of, (13) 333. 

diminution of, (10) 8. 

fluctuations in abundance of, (14) 

136, 138. 
geographical distribution of sub- 
families of, (18) 362. 
growth of, compared with round 

fishes, (20) 334. 
landed by trawlers at Aberdeen, 

(20) 77. 

mature and immature, (8) 166. 

most important characters in classi- 
fication, (18) 348. 

numbers and sexes of, (8) 348. 

olfactory organ of, (18) 338, 349, 

363. 

oriflin of, (18) 362. 

probable migratory movements in 

winter, (6) 8. 
proportion catij^t by trawlers which 

are marketable, (22) 15. 
proportion of immature, landed by 

trawlers, (22) 16. 

rearing experiments with, (16) 219. 

relative importance of external 

characters of, (18) 335. 
relative quantities caught by line 

fishermen and beam-trawlers, (6) 7. 
size of mouth in, as a character in 

classification, (18) 336. 

spawninff of, (8) 260. 8w 8pawnin|r. 

value of h3rpural elements of^ in 

classification, (18) 346. 
value of pectoral arch and ventral 

fins in classincation of, (18) 340. 
value of sinistral or dextral 

character, (18) 336. 

variability in asymmetry of, (18) 363. 

vertebral column and alimentary 

canal of, in regard to classification, 

(18) 343. 



Flemingia zetlandica, (15) 120. 
Fletcher, Mr J., (23) 156. 
Flounder {Pleuronectes JUsua), (18) 286. 
cross-fertilisation of, with lump- 
sucker, (8) 358. 
date of appearance of young, in 

harbours, (16) 246. 

digestibility of, (5) 228. 

distribution of, (21) 42. 

distribution of eggs of, (15) 231. 

eggs of, (2) 47 ; (7) 304 ; (8)285 ;(16) 

91. 114 ; (17) 82-84, 93, 96, 104, 106. 

eggs of, in Firth of Clyde, (15) 250. 

fecundity of, (9) 265. 

fishing in Solway, (7) 175. 

food of, (7) 226, 234, 240 ; (8) 231, 

238, 249, 250 ; (9) 227, 235, 238 ; (10) 

215, 223 ; (20) 487, 527. 

growth of, (9) 391. 

growth of, in tanks, (7) 405. 

m Loch Fyne, (15) 112 ; (18) 353. 

mature and immature, (8) 172. 

migrations of, (21) 42. 

minimum size at maturity, (8) 161, 

162, 163. 

multiple tumours in, (3) 66 ; (4) 214. 

parasites of, (18) 150; (19) 121 ; (23) 

108. 

post-larval stages of, (16) 225, 236. 

proportion of males to females, (8) 

348, 349 ; (10) 239. 
relation of length to weight, (22) 

144, 214. 

sexual proportions of, (10) 237. 

sinistral and dextral forms of, (7) 

326 ; (18) 363. 

size at maturity, (10) 238. 

spawning areas of, (7) 190 ; (8) 263 ; 

(15)232; (21)43; (23)20. 
spawning period of, (4) 251 ; (7) 

190; (8)263; (10)234; (15) 232; (17) 

98 ; (21) 43. 
Fluctuations in the abundance of the 

food fi^ee, (14) 134. 
Fluke, sail. See Megrim. 
Flying-fish {EJxocetus volitans), (18) 288. 
Food, diatoms as, (16) 244. 
fishes, classification of marketable, 

by trawlers, (21) 40. 
development of, (8) 15 ; (13) 

14, 220 ; (14) 15, 171. 
development and life-history 

of, (6) 265 ; (9) 317. 

distribution of, (21) 38, 40. 

effects of closure of waters on 

size of, (14) 142. 

eggs of, (14) 223. 

fluctuations in abundance of, 

(14) 134. 
general remarks on post-larval 

forms, (6). 269. 

habits of young of, (4) 214. 

hatched at Dunbar, (13) 8, 9, 

123. 
hatching and rearing of, (13) 

8,123. 
hatching of, (14) 8, 150 ; (15) 

10. 

life-histories of, (14) 15, 171. 

migrations of, (21) 40. 
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Food fishes, rate of growth of, (13) 16, 

289. 

of allis shad, (20) 633. 

of catfish, (20) 312, &c. 

of coal-fish, (20) 313, &c. 

of cod, (4) 134 ; (20) 307, &c. 

of common dab, (20) 306, &c. 

of common eel, (20) 633. 

of oonffer, (20) 308, &c. 

of cuckoo ray, (20) 536. 

fifteen-spined stickleback, (20) 

505. 
of fishes, (6) 11, 225 ; (7) 9 ; (9) 12, 

222; (10) 18, 211 ; (13) 3.33; (21) 218. 
of fishes, report on, (4) 100 ; (20) 

486. 

of five-bearded rockling, (20) 519. 

of food fishes, (8) 12, 230. 

of Fuller's ray, (20) 635. 

of great pipe-fish, (20) 534. 

of greater sand-eel, (20) 520. 

of grey mullet, (20) 504. 

of gurnard, (22) 28. 

of haddock, (4) 128 ; (6) 225, 230 ; 

(20) 306, &c. 

of hag-fish, (8) 256. 

of hake, (7) 240. 

of halibut, (20) 308, 312, &c. 

of herring, (4) 102 ; (6) 225. 

of lemon dab, (20) 306, &c. 

— of lesser silver smelt, (20) 528. 

of long rough dab, (20) 311, &c. 

of Macrurm laevig, (20) 501. 

of marine animals, diatoms as, (15) 

215. 

of minnow, (17) 174. 

of plaice, (20) 306, &c. 

of pollack, (19) 267. 

of porbeagle shark, (19) 290. 

of post-larval plaice, (15) 180, 181, 

183; (16)224. 
post-larval turbot and lemon dabs, 

(15) 188, 189. 

of sand-smelt, (20) 504. 

of sardine, (7) 390 ; (8) 372. 

of scald-fish, (20) 524. 

of sheU-fishes, (13) 333. 

of shrimp, (9) 406. 

of sole, (9) 390. 

of straight-nosed pipe-fish, (20) 534. 

of three-spined stickleback, (20) 504. 

of tope. (4) 213. 

of turbot, (20) 312, 313, &c. 

of twaite shad, (20) 533. 

of viviparous blennv, (20) 501. 

of whiting, (5) 317.' 

of young coal-fish, (6) 327. 

of young cod, (5) 326. 

of young flat fishes, (12) 387. 

of young Oadidas, (5) 326. 

of young lobster, (23) 69, 70. 

Foraminifera of Loch Fyne, (15) 165 ; 

(16) 273. 

of West Coast lochs, (9) 197. 

Foreign countries, demand for Scottish 

fish in, (7) 8. 
trawlers fishing in closed waters of 

Moray Firth, (20) 19. 
in Moray Firth, quantity of 

fish landed by, at English ports, (20) 19. 



Forfar Loch, amphipoda of, (17) 159. 

cladocera of, (17) 160. 

copepoda of, (17) 158, 159. 

invertebrate fauna of, (17) 156. 

mullusca of, (17) 159. 

ostracoda of, (17) 159. 

temperatures of, (17) 157. 

Forfarshire, fishing grounds off, (9) 180. 
Forkbeard, greater {Phycis Uennoides)^ 

(3) 69 ; (4) 224 ; (7) 326. 
lesser, or tadpole hake, {Raniceps 

raninus), (2) 80; (15) 111 ; (18) 284. 

very young stages of, (15) 209. 

Formaline, decalcifying action of, (23) 

1.33. 
Fox shark. See Shark -thresher. 
Fragilaria cmistruena, (9) 274. 

mutabilis, (9) 274. 

striaiula, (15)214. 

vireaceiM, (9) 274. 

France as a market for Scottish-cured 

herrings, (7) 164. 
fishery work in, (7) 389 ; (8) 371 ; 

(9)418; (12)402; (13)347. 

mussel-growing in, (7) 392. 

shrimp fisheries of, (7) 394. 

Frog-fish. See Angler. 
Fry from hatchery, method of trans- 
porting, (14) 156. 
transported to West Coast, 

(14) 10, 155. 
Fryer, Mr C. E., (5) 218 ; (6) 191. 
Fullarton, Dr J. H., (7) 11, 175, 341, 

352, 384 ; (8) 15, 17, 18, 19, 23, Ac. 
Fuller's ray. See Ray, Fuller's. 
Fulton, Dr T. Wemyss, (6) 189, 276; 

(7) 8, 9, 158, 171, 182, 222, 352, 384, 

387; (8)7, 11, 13, 21, &c. 
Fultonia hirsuta, (20) 449, 466. 
Fustts retroitrsus, (7) 325. 



G 



Oadiculus argerUeus. See Pout, silvery. 
Gadidae, food of young, (5) 326. 
I lines of growth in skeletal struc- 
tures of, (23) 125. 

young, as herring-food, (4) 127. 

Oadus aglejinus. See Haddock. 

argent eu8. See Pout, silvery. 

hlennoide^. See Forkbeard, greater. 

callarias. See Cod. 

esmarkii. See Pout, Norway. 

luscus. See Bib. 

merlajigus. See Whiting. 

mimUtu. See Poor-cod. 

morrhua. See Cod. 

poliachiua. See Pollack. 

potitassou. See Whiting, Couch's. 

fireiift. «9ee Coal-fish. 

OcUfUhea andrewsii, (6) 259. 

rfwpcr«a, (6) 269 ; (15) 131 ; (18) 403. 

dispersay mode of attachment of 

eggs in, (22) 117. 

intermedia, (6) 259 ; (16) 131. 

7iexa, {Q) 259 ; (15)131. 

— squamifera, (6) 269; (16) 131. 

strigosa, (6) 269 ; (20) 607. 

Oaleua canis. See Tope. 
Qaivina farrani, (16) 117. 
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Oalvina pieta, (16) 117. 

Oammarws comtgera^ (8) 328. 

duabeni, (13) 188, 244, 249; (14) 

160, 239, 242; (15) 318, 320, 322, 331, 
332 ; (16) 250, 251, 257, 259 ; (19) 263. 

edtoardmi, (7) 321 ; (8) 332. 

elegans, (8) 327. 

locusta, (6) 248 ; (H) 332 ; (15) 140, 

317 ; (20) 492, 493, 495, 500, ftc 

marinus, (10) 265 ; (15) 140. 

ptUex, (8) 338; (9) 272, 276, 285, 

289; (12)288; (14)239; (15)320,330, 
&c. ; (16) 257, 259 ; (17) 139, 150, 159, 
ftc. 

«oWm, (7)321. 

spinosus, (10) 264. 

«p., (16) 210. 

Oammaropais erythrophtheUma, (6) 248 ; 

(15) 141 ; (16) 170, 177, 210. 
mactdcUa, (20) 510. 

nana, (14) 161 ; (20) 510, 520. 

Gannetfl, destruction of herring by, (4) 
58. 

Garfish {BeUnu vulparia), (18) 287. 

spawning penod of, (4) 252. 

''Garland," comparison of catches of, 
with those of trawlers, (19) 19. 

Crustacea collected by, (18) 382; 

(19) 235. 

description of, (5) 44 ; (11) 7 ; (14) 

7,126. 

description of net of, (8) 179. 

detection of illegal trawling by, (9) 

3,6. 

inability of, to carry on the investi- 
gations in Moray Firth, (12) 8, 15 ;(13) 
8; (14)8; (19)8,9; (20)17. 

inefficiency of, for the work, (8) 8 ; 

(9)4; (10) 11; (11) 7, 8; (12) 8, 15; 
(13) 7, 8 ; (14) 7, 8 ; (15) 7, 8 ; (16) 7, 
8; (17) 7,8; (18) 7,8; (19)7, 8,9; 
(20)7, 17,29; (21)7. 

invertebrate fauna collected by, 

(16) 163, 166. 

invertebrate fauna taken in trawl- 
net of, (7) 10 ; (8) 14, 67 ; (9) 13, 40 ; 
(10) 18, 41 ; (11) 17, 41 ; (12) 20, 46; 
(13) 15, 73 ; (14) 78 ; (16) 16, 79 ; (16) 
16, 67. 

investigations of, into the distribu- 
tion, fta, of immature fishes, (7) 5, 16 ; 

(8) 157, 189; (9) 9, 201 ; (12) 19, 302; 
(13) 14, 133. 

investigations of, on the food of 

fishes, (7) 8, 222; (8) 12, 230 ; (9) 12, 

222: (10)18,211. 
investigations of, on migrations of 

fishes, (8) 14, 353; (10) 18; (11) 16, 

176 ; (17) 14, 210. 
investigations of, on oyster-beds, 

(9) 13, 16, 184; (11) 16; (14) 13, 
244. 

investigations of, on the spawning 

and spawning grounds of fishes, (7) 4, 
9, 186 ; (8) 9, 12, 257 ; (10) 18, 232, 

list of pelagic oms, larval, and 

young fishes collected by, (8)287 ; (\Q) 
298; (13)268; (14)16,223. 

— — pelagic fauna collected by, (7) 10 ; 
(8)14, 67 ; (9) 13, 40 ; (10) 18, 41 ; (11) 



17, 41 ; (12) 20, 46^ (1.3) 16, 64 ; (14) 
63 ; (15) 15, 64. 

''Garland,*' pelagic ova, larvse, and 
young fishes procured by, (11) 19, 250 ; 

(13) 14, 15, 258 ; (15) 219, 246. 
^— purchase of, (5) 44. 

review of trawling experiments of, 

from 1886-95, (14) l&, 

sale of, (21)7. 

temperature and physical obser- 
vations by, in Aberdeen Bay, (6) 66; 
(6) 31 ; (7) 97 ; (8) 109 ; (9) 116 ; (10) 
116 ; (11) 122 ; (12) 116 ; {ISj 88 ; (14) 
96 ; (17) 64. 

Firth of Qyde, (6) 81 ; (9) 133; 

(14) 98 ; (16) 94 ; (16) 74 ; (17) 66 ; (18) 
69 ; (20) 67. 

Firth of Forth, (5) 71 ; (6) 56 ; 

(7)37; (8) 41; (9) 40; (10)41; (11) 

23, 41, 416, 470 ; (12) 7, 46 ; (13) 82 ; 
(14)89; (15)89; (20)63. 

Montrose, (8) 107; (9) 113; 

(10) 115 ; (11) 121 ; (12) 113; (13) 88. 
Moray Firth, (6) 70 ; (7) 100 ; 

(8) 116 ; (9) 121 ; (10) 120 ; (11) 126 ; 

(12) 123 ; (13) 89 ; (14) 96 ; (15) 91 : 
(16)72; (17)61; (19)43; (20)52. 

Orkneys, (8) 119 ; (9) 132 ; (13) 

92. 
St. Andrews Bay, (6) 77 ; (6) 

61 ; (7) 77 ; (8) 91 ; (9) 94 ; (10) 100 ; 

(11)100; (12)98; (13)86; (14)94; 

(16) 90. 

trawling experiments of, (5) 43 ; (6) 

2,25; (7)3,16; (8)8,22; (9) 6, 21; 

(10) 7, 10, 23 ; (11) 9, 23 ; (12) 12, 23 ; 

(13) 11, 17; (14) 10, 17; (16) 8, 17; 
(16)8, 17; (17)7,17; (18)8,19; (19) 
8, 17 ; (20) 8, 17. 

Aberdeen Bay, (6) 66, 67 ; 

(6) 31 ; (7) 18, 97 ; (8) 26, 109 ; (9) 6. 

24, 115 ; (10) 116 ; (11) 9, 122 ; (12) 
13, 66, 116 ; (14) 64 ; (17) 42. 

Firth of ayde, (6) 6, 32, 81 ; 

(9)6,24,133; (12)28; (13)21; (14) 
21, 69 ; (16) 22, 44, 64 ; (16) 22, 34, 
49 ; (17) 10, 23, 44, 65 ; (18) 8, 20, 33 ; 
(20) 29, 46. 

Firth of Forth, (6) 43, 46, 61, 

71 ; (6) 2, 27. 65, 63, 73 ; (7) 16, 37 ; 
(8) 23, 41 ; (9) 6, 22, 40 ; (10) 11, 24, 
41 ; (11) 9, 24, 41 ; (12) 13, 24, 46 ; (13) 
11, 18, 37 ; (14) 11, 18, 36; (15) 33 ; 

(17) 11, 24 ; (20) 10, 11, 12, 20-29, 38. 
Montrose Bay, (7) 16, 18, 97; 

(8) 26, 107 ; (9) 6, 24, 113 ; (10) 116 ; 

(11) 121 ; (12) 13, 113; (13) 64; (14) 
63. 

Moray Firth, (6) 31, 70; (7) 

16, 100 ; (8) 25, 116 ; (9) 6, 24, 121 ; 
(10) 120 ; (11) 9, 126 ; (12) 13, 23, 27, 
123 ; (13) 12, 20, 66 ; (14) 20, 66 ; (16) 

18, 38, 63 ; (16) 18, 29, 48 ; (17) 8, 18, 
36, 63 ; (19) 18, 28 ; (20) 18, 44. 

trawling experiments of, Orkneys, 

(8) 26, 119 ; (9) 132 ; (13) 62. 
St Andrews Bay, (6) 64, 66, 

77 ; (6) 2, 29, 61, 67, 78 ; (7) 18, 77 ; 

(8) 23, 91 ; (9) 6, 23, 94 ; (10) 11, 26, 

100; (11) 9, 26, 100; (12) 13, 26, 98 ; 
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(13) 11, 19, 60; (U) 11, 19, 49 ; (16) 
36; (17)11,24. 

"Garland," west ooaet expedition of, 

(11) 167. 

work of, in connection with the 

natural history of fishes, (6) 26, 33, 36; 
(7) 4, 8, 15 ; (8) 7, 23 ; (9) 11, 21 ; (10) 
7, 12. 17 ; (10)20, 23; (11) 18, 19, 23; 

(12) 7, 19, 20, 23 ; (13) 7. 13, 14, 17 ; 

(14) 7, 15, 17 ; (16) 7, 13, 14, 16, 16 ; 
(16)7; (17)7,13,14; (18)7,8,19. 

Garry Loch, Ailsa Craig, invertebrate 

fauna of, (16) 260. 
Garstang, Mr W., (8) 361. 
Oasterosteus aculecUiut. See Stickleback, 

three-spined. 
apinachia. See Stickleback, fifteen- 

spined. 
Gastropsetia, (18) 366. 
OastroMcciis spinifer, (6) 264 ; (16) 168, 

160, 209 ; (19) 277 ; (20) 610, 513, 616, 

635. 
Oaudn/inaJUiformiaf (8) 315. 
Oemdlaria loricaia, (16) 166. 
Germany, fishery work in, (6) 303; (8) 

376; (9)403; (10)343. 
as a market for Scottish-cured 

herrings, (7) 167. 
Fishery Association of, (6) 203; (9) 

403. 
fishery expedition of the "Holsatia" 

in the Baltic, (9) 407. 
fishery expedition of " Sophie," (9) 

405,406. 

fisheries, development of, (9) 404. 

diminution of catches, (9) 406. 

fishery statistics of, (9) 403. 

imports of herring into, (9) 406. 

Kiel Commission, work of, (6) 14, 

303 ; (9) 407. 
minimum legal sizes for fishes in, (6) 

Qxtibula cineraria^ (16) 122. 

moflrtw, (16) 122. 

tumida, (15) 122. 

umbUicata, (16) 122. 

Gibson, Mr James, (9) 177. 

Dr John, (4) 189 ; (6) 331 ; (6) 309 ; 

(7)409. 
Giglioli, Professor H., (6) 276, 308; (7) 

401; (8)363,376; (9)422; (10)363; 

(11)487; (13)16. 
Gilt-head. See Pagrus aurcUtut, 
OitanasarM, (8)325; (17)266; (20)478. 
Olobigerina, (15) 306, 308, 310 ; (20) 610. 
Olobigerinidas, (7) 311, 316; (16) 167. 
Olobtdina gibba, (7) 315. 
Glutinous Hag. Set Hasfish. 
Olycera tes^elcUa, (16) 169. 
Olycimeris generosa, (7) 341. 
Olyptocephalus, (18) 363. 
Onathia maacUlaris, (16) 168, 210; (18) 

180; (20)610,616. 
Gobin, M., (9)420. 
Oobius. See Goby. 

nUkensparri, (4) 232 ; (16) 110. 

spawning period of, (4) 246. 

sp., (17) 126. 

Goby, bUck {Oobiua niger), (16) 110 ; (18) 

278. 



Goby, Jeffrey's {Oobiusj^eysii), (18) 278. 

parasites of, (19) 138. 

post-larval forms of, (7) 309. 

post-larval form resembling a, (13) 

232. , , * 

spotted or Bpeck\ed{Oobiu8 miniLtus), 

(4) ^32 ; (16) 110 ; (18) 278 ; (20) 516. 

food of, (20) 487, 494 ; (23) 167. 

parasites of, (18) 162 ; (19) 128. 

two-spotted {Oobius Jlavescens), (18) 

278. 
Goldsiimy {Oremlahnis mdops)^ (18) 281. 

Jago*s (Ctenolabnis rupestris), (4) 

232; (16)111; (18)281. 

eggs of, (4) 223 ; (17) 83, 93, 94, 96. 

parasites of, (20) 292. 

spawning of, (4) 223. 

Oompnonema cumminata^ var. , (9) 274. 

capiicUum, (9) 276. 

intriccUumy (9) 274. 

— — olivctceumy (9) 274. 
Qaiiiodoria nodosa^ (15) 116. 
Oonoplax angvlata, (15) 168. 
Gotch, Mr Francis, (6) 279. 
Gourret, Dr Paul, (9) 419. 
Orcmtia cilicUa, (16) 164. 

compresMy (15) 164. 

Gfraptoleberia reticulata^ (11) 233. 

tegtudinaHua, (11) 233; (12) 286, 288; 

(13)188.245,260; (14)239; (16)330, 

333; (17)146,173. 
Gray, Mr D., (7) 366. 
Grayling {ThymaUm vtUgaHs), parasite 

of, (18) 179. 

spawning period of, (4) 262. 

Greater argentine. See Smelt, gi-eater 

silver. 

forkbeard. Su Forkbeard, greater. 

silver smelt. See Smelt, greater 

silver. 

weever. ^ee Weever, greater. 

Greece as a market for Scottish-cured 

herrings, (7) 163. 
Green, Rev. W. Spotswood, (9) 394. 
Green-cod. See Coal-fish. 
Greenfield, Professor W. S., (4) 176 ; (6) 

331 ; (6) 21. 
Greenland shark, ^ee Shark, Greenland. 

whale. See Whale. 

Grey gurnard. See Gurnard, grey. 

mullet. See Mullet, grey. 

skate. See Skate, grey. 

Grounds, eflfects of change of, on fishery 

statistics, (21) 38. 
Ground seines, fishing by means of, (8) 

190. 
Growth of fishes, (9) 327, 328 ; (10) 7, 282, 

283, 328 : (11) 192, 265, 490 ; (12) 333 ; 

(13)289; (20)326; (22)141. 
coalescence of sizes of older 

generations, (20) 333. 
comparative, of round and flat 

fishes, (20) 334. 
description of small-meshed 

net used in collecting fishes, (20) 327. 
different in males and females, 

(20)333. 

in relation to locality, (20) 336. 

linos of, in opercular liones, (23) 

129. 



Digitized by 



Google 



208 



Part III. — Tiventtj-third Aimnal Report 



Growth of fishes, lines of, in otoUths, 

(23) 128. 

in skeletftl structures, (23) 125. 

rate of, in relation to season, 

(17) 239. 
influence of temperature on, 

(20) 335 ; (22) 150. 
methods of determining, (20) 

326. 
relation of length to weight, 

(22) 142. 

remarks on, (3) 64. 

researches on, in Denmark, 

(13) 340. 

tank experiments on, (17) 232. 

of ovarian eggs of teleoeteaii fishes, 

(16)88. 

variability, (18) 212. 

of angler, (21) 186, 189. 

of armed bullhead, (21) 76. 

of brilL (9) 391 ; (11) 195. 

of cat-fish, (11)271. 

of cod, rate of, (11) 195 ; (15) 176 ; 

(19) 154, 214; (23) 128. 130, 137. 

young, (5) 243. 

in tanks, (5) 235; (7) 404; 

(19) 228. 

of Careinus nutnas, (21 ) 163. 

of common dab, (11) 194, 265 ; (20) 

335, 360, 370. 
relative of male and female, 

(20) 371. 

of edible crab, rate of, (18) 113; 

(22) 125. 

of five-bearded rockling, (15) 208. 

of flounder. (9) 391. 

in tanks, (7) 405. 

of grey gumaid, (17) 210, 228 ; (11) 

267. 
of haddock, (5) 48 ; (15) 198 ; (19) 

154, 190 ; (20) 334, 401. 

of halibut, (22)287. 

of herring, (4) 48 ; (5) 235 ; (14) 294. 

of lemon dab, (11) 195, 271. 

of lesser weever, (21) 71. 

of ling, (11)269. 

of lobster (23) 85. 95. 

« of long rough dab, (16) 245 ; (20) 

372. 
comparison of, in different 

regions. (20) 385. 
of Norway pout, (19) 154, 155 ; (22) 

195. 
of plaice, (11) 192 ; (17) 232 ; (20) 

334, 337 ; (23) 125, 133. 
comparative rate of, in Scot- 
land and Denmark, (17) 246. 
comparative, of females and 

males, (20) 356. 

in Solway Firth, (20) 346. 

• on East Coast, (20) 347. 



342. 



relation of temperature to, (20) 



results of Dr Petersen's ob- 
servations on, (17) 239. 

of small plaice arrested in winter, 

(20) 342. 

of sardine, (8) 374. 

of sharp-tailed Lumpenua, (22) 202. 

of sole, (9) 891. 



' Growth of sprat, (22) 171. 

of starry ray, (21) 230. 

^ofliurbot, (11) 195. 

of whiting, (8) 175; (11) 196; (15) 

204 ; (19) 154, 166 ; (20) 335, 386. 

in different regions compared, 

(20)399. 

of witch, (22) 186. 

Gueme, Baron Jules de, (11) 21, 487 ; 

(13) 16. 
Guemia cooUita, (8) 326; (17) 265; (19) 

262 ; (20) 478. 
Guinardiajlaccuia, (15) 214. 
Gwienotophorus globularisj (18) 387. 
, Gunn, Dr R. Marcus, (6) 280. 
; Gunnel {PholU guniieUus), (4) 232 ; (15) 
110; (18)280; (23), 157. 

food of, (20) 486, 600. 

parasites of, (20) 298. 

post-lanral forms of, (7) 309. 

spawning time of, (4) 213. 

young stages of, (9) 326. 

Gurnard, cuckoo. See Gurnard, red. 

grey {Trigla gurmardus), (4) 232; 

(9)306,310; (15) 110. 

abnormal egg of, (9) 322. 

age at maturity, (17) 231. 

anatomy of the pectoral arch 

of, (12) 322. 

caught chiefly by day, (17) 220. 

cross-fertilisation of, with 

whiting, (8) 358. 
distribution of adult and im- 
mature, (8) 176. 

distribution of eggs of, ( 15)239. 

distribution of eggs of, in Firth 

of Clyde, (15) 249. 

eggs of, (2) 47 ; (7) 305 ; (8) 

285; (16) 91, 114, 115 ; (17) 82-84, 93, 
96. 

fecundity of, (9) 249. 

food of, (7) 227, 233, Ac. ; (8) 

231, 238, 247, 250-256 ; (9) 227, &c. ; 
(10) 215, 224, 230 ; (20) 486, 490 ; (21) 
219 ; (22) 29. 

intraovarian eggs of, (16) 96. 

mature and immature, (8) 176. 

migrations of, (17) 210. 

migration of immature, (17) 

227. 

minimum size at maturity, (8) 

161, 162, 163; (17)223. 

on deep-water grounds, (21) 24. 

parasites of, (IS) 150, 163, 169, 

180, (19) 132, 134, 147 ; (23) 116, 116. 

proportion of males to females, 

(8) 349. 

rate of growth of, (17) 211, 228. 

relation of length to weight, 

(22)235. 
relation of migrations to repro- 
duction, (17) 222. 
seasonal distribution of post- 
larval, (17) 229. 

sexual proportions of, (10) 239. 

size at maturity, (10) 238. 

spawning areas of, (15) 241. 

spawning of, (7) 193 ; (8) 268. 

spawning period of, (4) 244 ; 

(10)234; (15)240; (17)222. 
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Gurnard, Lanthoni (Trigla obscura)^ 

spawning period of, (4) 244. 
red or cuckoo {Trigla cuaUus)^ (4) 

206 ; (IS) 275. 

eggs of, (16) 114, 115 ; (17) 93. 

food of, (20) 487, 489. 

on East Coast, (20) 540. 

parasites of, (19) 143. 

spawning period of, (4) 244. 

Sapphirine {Tngla h%rnndo\ (2) 80 ; 

(4) 206 ; (18) 276 ; (19) 143. 

food of, (20) 487, 489. 

parasites of, (20) 299. 

spawning period of, (4) 244. 

streaked {Tngla lineata), (4) 232; 

(15) 110; (18)275. 
parasites of, (19) 133, 143 ; (23) 

115. 

spawning period of, (4) 244. 

Gut-poke in herring, (4) 49. 
Oymnachirus, ( 18) 359. 

/wcio/tw, (18)358. 

Gymnomeray (11) 234. 
Gypsina inhufrenSf (15) 167. 

H 

Haddock {Gadus cvglejinwt)^ abundance 

of small. (18)282; (21) 32. 
age of, at maturity, (19) 214 ; (20) 

410. 

arrangement of muscles in, (4) 168. 

average size at maturity, (22) 153. 

digestibility of, (5) 228. 

diction in, (2) 40. 

dispersal of, after spawning, (21) 

20,22. 

distribution of adult and immature, 

(8) 174. 

distribution of esgs of, (15) 224. 

duration of development of, accord- 
ing to temperature, (19) 211. 

eggs of, (7) 306; r8) 284 ; (16) 91, 

114, 115 ; (17) 82-84, 93, 96, 103, 106. 

eggs of, in Firth of Clyde, (15) 249. 

fecundity of, (9) 255. 

feeding on fish-eggs, (4) 133. 

feeding on herring-eggs, (4) 133. 

food of, (4) 128; (6) 225, 230; (7) 

229, 233, &c. ; (8) 231, 241, &c. ; (9) 
229, 235-^242; (10) 216, 226, 231 ; (20) 
306, 486, &c. 

growth of, (5) 48, 240; (15) 198, 

199 ; (19) 154, 190 ; (20) 334, 401. 

habiUt of young of, (15) 196. 

habits of young, (4) 208. 

hatching of, in U.S.A., (13) 339. 

hermaphroditism in, (9) 352. 

intraovarian eggs of, (16) 96. 

large old specimens of, inshore, (21) 

35. 

large specimen of, (6) 265. 

larval and post-larval stages of, (19) 

211. 

lifehistory of, (15) 194. 

mature and immature, (8) 174. 

mental activity of, compared with 

whiting and codUngs, (22) 163. 
minimum size at maturity, (8) 161, 

162, 163. 



Haddock, on deep-water grounds, (19) 

289. 
parasites of, (18) 177 ; (19) 121, 135 ; 

(23) 108. 

pelagic habit of young, (20) 401. 

proportion of immature, landed by 

trawlers, (22) 19. 
proportion of males to females, (8^ 

349; (10)239. 
proposals for liatching of, (5) 240. 

relation of length to weight, (22) 

144, 145, 226, 241. 

rises from bottom after spawning, 

(19)289. 

sand-eel embedded in liver of, (3) 70. 

scarcity of very small, on bottom, 

(19) 289. 

sexual proportions of, (10) 239. 

size at first maturity, (10) 238 ; (19) 

213. 

sizes of, (14) 144. 

size-limit between mature and im- 
mature, (22) 18. 
spawning period oi, (4) 246 ; (7) 

193 ; (8) 265 ; (10) 232, 234 ; (17) 97 ; 

(19) 211 ; (21) 20, 21, 28. 

tumour on, (10) 323. 

young, different habitat from young 

cod and whiting, (8) 174. 
Norway or Bergylt, (SebasteJt nor- 

regicus), (4) 222; (19) 288; (22) 20, 

21, 23, 28, 29. 

food of, (20) 489 ; (21) 218. 

spawning period of, (4) 244. 

Haddon, Professor A. C, (6) 281 ; (7) 

387. 
Haeokel, Professor, on plankton investi« 

gations, (9) 407. 
Htemobaphes ambigiim, (18) 162; (20) 

298. 
cyclopterina, (9) 310 ; (18) 162 ; (20) 

298. 
Hfemonttis rotyx-x, (9) 275. 
I Hagfish {Afyxine glnlinosa), (8) 177, 375 ; 
I (18)293. 

caught on lines, (3) 66. 

eggs of, (3) 66. 

food of, (8) 255. 

mature and immature, (8) 177. 

reproductive organs of, (3) 66. 

spawning of, (8) 269. 

structure of tail of, (4) 211. 

Hake {Merlwcius vulgaris), (10) 262; 

(15) 111 ; (18)283; (21)62. 
caseous tumours in muscles of, (3) 

76. 

distribution of, (21) 62. 

eggs of, (17)93. 

food of, (7) 240. 

mature and immature, (8) 177. 

parasite of, (18) 166, 175, 178; (19) 

135, 148. 

spawning period of, (4) 248 ; (7) 195. 

young of, (8) 177 ; (21) 63. 

HaUcium muricaXum, (15) 164. 

Halia trispinoM, (6) 253. 

Halibut (JBippogloms vuigaria), (8) 265 ; 

(15)112; (18)284,352; (21)53. 

composition of, (5) 228. 

digestibility of, (5) 228. 



Digitized by 



Google 



210 



Part IIL — TwerUy-ihird Annual Report 



Halibut, diBtribution of, (21) 53. 

eggs of, (4) 224 ; (10) 285 ; (11) 244 ; 

(16)91, 114; (17)82, 83,96. 

fecundity of, (4) 224 ; (9) 261. 

food of, (20) 308, &c 

general size of those caught by 

trawl, (21) 53. 

growth of, (22) 287. 

nursery of young of, (9) 182. 

parasites of, (18) 161, 159, 174 ; (19) 

106, 140, 142. 

relation of length to weight, (22) 

220. 

ripe eggs are pnelagic, (4) 224. 

sexuatproportions of, (10) 239. 

spawning period of, (4) 249 ; (7) 

192 ; (10) 234. 

young specimens of, (4) 209; (10) 

285. 

Halichondria cUhescens, (15) 165. 

panicea^ (15) 165. 

Halimedan muUeri, (10) 263. 

parwmantM, (10)263; (15)139; (20) 

491, 503, 510, 513, 523. 
HaXiragts trnpinoms, (6) 247. 
HcUisarca dt^ardiniif (15) 165. 
Halliburton, Dr W. D., (4) 171. 
ffalosphom viridis, (15) 298, 302. 
HcUom/dna gelatinotta, (15) 160. 
Haminea hydoUiSf (15) 116. 
Hansen, Dr, (22)251. 
Haploops setosa, (15) 138. 
«M6ico^, (12) 263 ; (17)264; (20) 

478 ; (20) 523. 
Haplophragmium canarUnae, (8) 322 ; (15) 

166. 

pstudonpiraZty (7) 313; (15) 166. 

Harmer, Mr S.F., (8)361. 
Harpactichs chelifer, (4) 152 ; (6) 240 ; 

(15) 152 ; (20) 505. 

flextit, (8) 319 ; (16) 269. 

fulvus, (6) 241. 

nobdis, (6) 240. 

obacuruB, (13) 170. 

uniremist [23) 147. 

Harper, Mr Donald, (9) 177. 
Harpina crefiulcUa^ (17) 264. 

piumoea, (6) 246. 

Harpinia crenuUUa^ (20) 491. 

neglectay (15) 138 ; (20) 497, 503, 510, 

516, 523. 

pectinala, (22) 243. 257. 

Harporhynchus falcalus, (11) 234; (13) 

188, 245, 250 ; (14) 168, 239 ; (15) 333 ; 

(16 252, 258, 260 ; (17) 140, 18.5, &c. ; 

(20)505. 
Harvey, Rev. Mr, (11) 21. 
Hatcheries for sea-fish, (8) 7. 

inU.S.A.,(13)337. 

proposals for, in Firth of Forth, (5) 

240. 
Hatchery, collection and acclimatisation 

of the spawners, (13) 124. 
difficulties with spawning fishes, (16) 

222. 

distribution of the fry, (13) 129. 

Dunbar, space insufficient for 

spawners, (13) 9. 

erected at Dunbar, (10) 9, 192. 

expense of, (21) 181 ; (23) 8, 121. 



Hatchery, experiments with lemon soles, 
(13) 131. 

fishes in the pond, (13) 125. 

filtration of water at, (13) 123. 

for sea-fishes at Dunbar, (13) 7, 123. 

for sea-fish at Dunbar, account of, 

(12) 196. 

for Lancashire Sea Fisheries Com- 
mittee, (13) 334. 
French, at St. Vaast la Hougue, 

(13) 345. 

hatching process at, (13) 127. 

irregular spawning at, (13) 126. 

numbers hatched at, (13) 130. 

proposed for Cromarty Firth. (5) 241 . 

report on operations at Bay of Nigg, 

(19) m ; (20) 440 ; (21) 180 ; (22) 262 ; 

(23) 120. 
report on operations at Dunbar, (12) 

210; (14) 150; (16)219; (17)205; (18) 

330. 
specific gravity of the water at, (13) 

127. 

temperature of water at, (13) 128. 

Hatching and rearing of food fishes, (10) 

8; (13)8. 

of cod, (12)11. 

in America, (3) 84. 

in Norway, (17) 208. 

results of, in Newfoundland, 

(13) 335. 

of crabs, (21) 181 ; (23) 154. 

of food-fishes, (12) 8 ; (14) 8, 150. 

of lemon soles, (12) 11, 207 ; (14) 9, 

151. 
of lobsters, (12) 11 ; (21) 181 ; (23) 

65. 
of plaice, (12) 10, 204, 210; (14) 9, 

152; (16)219; (18)330; (19)229; (20) 

441; (21)180; (22)262. 

of sea-fish, (5) 230 ; (11) 13. 

best conditions for, (9) 391. 

discussion on, (5) 232. 

need of, (9) 4, 5. 

in C^anada, (9) 396 ; (13) 493. 

in Denmark, (9) 412. 

in France, (9) 420. 

in Newfoundland, (9) 398 ; (11) 

13, 495. 
in Norway, (9) 409; (11) 13, 

496. 

in United States, (9) 401, 402. 

ofsoles, (12)11, 205. 

of turbot, (12) 11, 206; (13) 131; 

(14) 10, 150; (16)219. 
Haustorius arenariw, (10) 264. 
Heape, Mr W., (6)298. 

Hebridean smelt. See Smelt, lesser silver. 
Hebrides, fauna of lochs in, (13) 237. 
Heincke, Professor F., (9) 405 ; (10) 343, 

345; (11)21,487; (13)16; (17)274; 

(18) 335 ; (23) 129. 
on the characters of ^rats and 

herrings, (2) 53. 
Helcion pdlucidum, (15) 122. 
Heligoland in relation toCerman fisheries, 

(9) 404. 
ffelix nemorcUis and H, aspersa as bait, 

(7)356. 
HelUria coalila, (8) 326. 
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ffemidigcus cuneiformia, (15) 300. 
Hemiktmprops asMmUis, (4) 134. 

eritUUa, (4) 164. 

rosea, {4) 164 ; (15)134; (17)267; 

(19) 274 ; (20) 510, 513, 522. 

unvplicata, (4) 165 ; (15) 134. 

Hemimysts lamomai, (15) 133 ; (16) 168, 

162, 209 ; (17) 268. 
Hemirhombus aramaca, (18) 356. 
Htnricia sanguinoUnta, (15) 161 ; (20) 

310, 319, 324. 
Hensen, Professor V., (6) 304; (9) 177, 

407; (17)100.. 
HerfoertBon, Mr A. J., (11) 20, 395 ; (13) 

15,302. 
Herdman, Professor W. A., (7) 384 ; (8) 

362 ; (9) 392 ; (11) 492 ; (12) 387. 
ffermcea bifida, (15) 117. 
HtrmaneUa arenicola, (16) 270 ; (18) 399. 

rostrata, (12) 259. 

Hermaphroditism in a haddock, (9) 352. 

in the cod, (13) 297. 

ffermione hystrix, (15) 160. 
fferpetocypris rtptans, (14) 239 ; (15) 318, 

321, 333 ; (16) 252 ; (17) 140, 159, 164, 

167, 168, 183. 
tArigata, (15) 321 ; (16) 252; (17) 164, 

168 183 190. 
iume/acta, {14) 168; (17) 159, 164, 

183. 
Herring {Clupea harengus) (18) 288. 

acclimatised to fresh water, (4) 210. 

acclimatised to fresh water killed 

by sea-water, (4) 210. 
action of putrifjring fish on move- 
ments of, (2) 66. 
action on deposited herring spawn, 

(18) 263. 

as bait, (7) 352, 356. 

attacked by squids, (3) 67. 

" bank herring" of Baltic, (17) 284. 

carbo-hydrates in liver of, (2) 38. 

caught m bag-nets fishing for sprats, 

(23) m. 

in otter-trawl, (21) 65. 

in trawl-nets in deep water in 

North Sea, (19) 288. 
in deep water in Loch Fyne, 

(18) 253. 

characters of sexes of, (4) 93. 

close-time for, (4) 59. 

coast-, or spring-spawners, (17) 281. 

collection of statistics of, in Clyde, 

(4) 61. 

composition of, (5) 228. 

condition of ripe ovaries in, (4) 96. 

daylif(ht fishing for, (4) 58. 

description of roaties, (4) 75. 

destruction of, by gannets, (4) 58. 

of young of, in kuil or bag-nets 

in Holland, (8) 366, 367. 
of young of, by bag-nets, (2) 

58 ; (4) 98 ; (23) 156. 

development of, (3) 32 ; (4) 31. 

of embryo oif, (3) 44. 

devoured bv skates, (4) 103. 

devours peUffic eggs, (17) 119. 

diflferenoe of larval, from larval 

sprat, (6) 304. 
digestibility of, (5) 228. 



Herrinjg, digestion in, (2) 36, 37. 

digestive organs of, (2) 33, 41, 

distinctions from sprat, (2) 48. 

distinctions from sprats when 

younfic, (4) 100. 

distribution on bottom, (21) 65. 

eggs of, (3) 32, 35, 58 ; (16) 91. 

action of beam- trawl on, (3) 59. 

artificial fertilisation of, (2) 

68 ; (3) 36. 
change of volume in, during 

maturation, (16) 141. 
development of, in deep 

water, (4) 43. 

devoured by cod, (4) 135. 

devoured by haddock^ (4 133. 

duration of development of, 

(6)306. 

size of, (4) 96. 

embryo of, (3) 47. 

enemies of, (4) 58 ; (18) 269. 

enquiry as to occurrence of ripe, in 

eastern part of North Sea, (9) 405. 
enquiry in Canada regarding the 

cure of, (8) 364. 
enquiry on action of seine-net in 

fishery for, (18) 243. 

fecundity of, (4) 95 ; (9) 267. 

feeding m ripe oondLition, (4) 95. 

discrimination in, (4) 103. 

on fish-eggs, (4) 127. 

on herring eggs, (4) 127. 

on sand-eelsTTl) 127. 

— on young herrings, (4) 126. 

on young sprats, (4) 126. 

feeds cniefly oetween spawning 

periods, (4) 103. 

fins of, (5) 270, 272. 

Fishery Acts, review of, (18) 242. 

fishery, disputes between seiners and 

drifters, (18) 246. 
in Firth of Clyde, method of 

fishing, (18) 249. 

in Loch Fyne, (4) 47 ; (18) 252. 

in Loch Fyne, statistics of, 

(18) 256. 
In Loch Fyne and Kilbrennan 

Sound, statistics of, (4) 56. 

in Holland, (13) 340. 

in Sweden, (12) 396. 

in Sweden, adoption of 

Scottish methods in, (9) 406. 
regulations regarding use of 

seine in Loch Fyne, (18) 242. 
Royal Commission of enquiry 

as to use of seine, (18) 245. 
signs of the presence of 

herrings, (18) 265. 
use of small-meshed nets in, 

(6)295. 
food of, (2) 35; (4) 48, 102, 105; 

(6) 225, 228 ; (20) 487, 529. 

in Loch Fyne, (4) 125. 

on East Ckiast, (4) 127. 

on West Coast, (4) 128. 

young, (3) 60. 

functions of pyloric appendages in, 

(2)37. 
growth of, (3) 60; (5)236; (14)294; 

(23) 127. 
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Herring, growth of, in Loch ¥yTi», (4) 48. 

larval. (14) 16, 2W. 

gut-poke in, (4) 49. 

Iceland, race of, (17) 282. 

influence of mesh on size of takes, 

(4) 66, 75. 
of temperature on spawning of 

herring, (6) 306. 
investigation on development of 

Zuiderzee, (6) 306. 
lines of growth in otoliths of, (23) 

127. 

local form or race of, (17) 279. 

maturity and immaturity of, (4) 

68 ; (8) 187. 
migrations of, (2) 62 ; (4) 52, 68 ; 

(11)191; (17)286. 

experiments on, (10) 173. 

minimum size at maturity, (4) 96. 

Meyer's experiments on growth of, 

(3)49. 

natural history of, (17) 274. 

natural history of winter, (23) 164. 

nets, description of, (18) 250. 

" Northern Bank," (17) 283. 

of White Sea, (17) 285. 

of Zuiderzee, (8) 366, 367. 

parasites of, (19) 145. 

percentage ripe in various months, 

(4)95. 

proportion of, in *' whitebait," (4) 98. 

taken in sprat fishing, (23) 

157. 
of sexes of, (4) 93 ; (8) 350 ; 

(10) 239. 

qualities of Loch Fyne, (4) 49. 

race of autumn-, or sea-, of southern 

North Sea, Skagorak, and Kattegat, 

(17) 283. 
autumn- or sea-, of southern 

North Sea, (17)284. 
autumn- or sea-, of Baltic, (17) 

284. 

at Ballantrae, (17) 283. 

coast, of northerly North Sea, 

(17) 283. 

in English Channel, (17) 285. 

in Firth of Forth, (17) 283. 

in TxKjh Fyne, (4) 48, 53. 



Herring, Scottish-cured, Austria as a 

market for, (7) 168. 
Belgium as a market for, (7) 

165. 
Denmark as a market for, (7) 

166. 

France as a market for, 

Germany as a market for, (7) 

167. 
Greece as a market for, (7) 

163. 

Italy as a market for, (7) 163. 

Montenegro as a market for, 

(7) 163. 
Netherlands as a market for, 

(7) 165. 
Norway and Sweden as a 

market for, (7)166. 
Roumania as a market for, (7) 

164. 

Russia as a market for, (7) 167. 

Servia as a market for, (7) 163. 

Spain and Portugal as markets 

for, (7) 16;^. 
Switzerland as a market for, 

(7) 166. 
Turkey as a market for, (7) 

164. 
United States as a market for, 

(7) 169. 

sea-, or autumn-spawners, (17) 281. 

seine-net fishing for, (15) 14. 

seine-net, alleged injurious action 

of. (18) 253, 255. 

sexual maturity of, (4) 94. 

size of, (4) 65, 69, 72, 75 ; (5) 315. 

skeleton of, (5) 257. 

skull of, (5) 274. 

** Southern Bank," (17) 284. 

spawning ground at Ballantrae, (2) 

64. 

spawning grounds of, (9) 11, 178. 

spawning of, in Loch Fyne, (4) 60 ; 

(18) 253. 

I spawning of, question of bi-annual, 

I (4) 51, 95. 

spawning period of, (2) 62, 63, 66, 

I 67 ; (4) 50, 94, 253. 

spawning period of, in English 



of southern North Sea and | Channel, (6) 299. 

West Baltic, (17) 283. | spawning places of, (17) 279. 

spring-, at Bohuslan, (17) 283. . spawning pix)ce8s in, duration of, (4) 

spring-, of Norway, (17) 282. 95. 



races of, considered, (4) 61 ; (17) 275. 



spring-, of eastern Baltic, (17) 284. 



racial distinction of winter and spring and autumn spawners, (17) 

summer fish, (5) 300. • 280. 

— relation between characters of i "streamlings " or stramlin^s of 

races " of, and environment, (17) 285. Baltic, (17) 283, 284. 

structure of, (5) 257. 

varieties of, (2) 61 ; (4) 61 ; (5) 295. 

weekly close- time for, (4) 59 



relation of, to abundance of cope 

poda, (17) 115. 

to ''bank waters," (17) 286. 

length to weight, (22) 144, 148, 

236. 
of size of, to salinity of water, 

(17) 286. 
of fishery at Ballantrae to Loch 

Fyne fishery, (4) 67. 
retention of vitality in ova and milt 

of, (4) 32. 
ripe milt of, (3) 33. 



winter-spawning of, (4) 94. 

young oi, (3) 69. 

caught in trawl, (8) 177. 

in fresh water, (3) 65. 

Hersiliodee liUwrUis, (11) 203. 
Herwig, Dr, (9) 404 ; (13) 16. 
Heterocotyh pastinace, (22) 278. 
Ileteroniysisformosa, (7) 323; (16) 168, 
160,209; (19) 276. 
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Heteromjfsis microj^, (7) 323. 

Heteropm/llus curtvcaudatiis, (12) 252. 

Heterosomata. See Flat fishes. 

HippasUriaa phrygianay (20) 308, 319, 
324. 

Hippocampus antiquorum. See Sea- 
horse. 

Hippoglossina, (18) 352, 366. 

Htppoglosstiue, (18) 351, 352, 358. 

HippoglosHO-rJumbinoRy (18) 352, 364. 

fftppoglossoides limandcndes. See Long 
rough dab. 

Hippoglosgiis vtUgaruf, See Halibut. 

Hippolyte andrewm^ (6) 260. 

barleei, (6) 260. 

cranchiiy (6) 260. 

foficigera, (6) 260 ; (15) 132 ; (16) 

156, 157, 209. 

gaimardti, (7) 324. 

pandeUi/orntMy (7) 324. 

prideauxiana, (15) 168. 

pxufiola, (6) 260. 

securifrons, (6) 260. 

9pinm, (6) 260. 

OuyrMom, (6) 261. 

variami, (6)260 ; (15) 132 ; (16) 156, 

157, 209. 

HippomecUni denticvlafus, (16) 210 ; (20) 

516, 523, 535. 

holbolli, (8) 326. 

Hippothoa distatis, (16) 156. 

Hirudinea, (19) 137. 

Hinido hippoglossi, (19) 142. 

History oi mussel-culture at Montrose, 

(13) 137. 
Hjort, Dr Joh., (17) 116 ; (23) 253. 
Hoek, Dr P. P. C, (6) 15, 16, 276, 305 ; 

(7) 384 ; (8) 21 ; (9) 10, 19, 202, 412 ; 

(10) 189, 349 ; (11) 21, 487, 500, 601, 

603 ; (12) 400, 401 ; (13) 11, 16, 341. 
Hoffinann, Prof. C. K., (6) 306 ; (13)341. 
Holibut. See Halibut. 
Holland, ankerkuil fishery in, (6) 307. 

Fishery Board of, (6) 305. 

fishery work in, (6) 305 ; (7) 399 ; 

(8)365; (9) 412; (10) 349; (11) 500; 

(12)400; (13) 340 
fisheries of, (7) 399 ; (9) 416 ; (12) 

400 ; (13) 340. 
State Commission for Sea Fisheries, 

(6) 305. 
wonderkuil fishery in Zuiderzee, (6) 

306 ; (8) 366. 
Holopedium gibbenim, (9) 280, 289 ; (11) 

231 ; (13) 250 ; (17) 143, 184, &c. 
Holofhuria phantapw, (20) 307. 

mphantis, (20) 307. 

Holt, Mr E. W. L., (9) 327, 395 ; (10) 

211, 233, 237, 276-280, 286, 288, 294, 

296, 328 : (11) 244, 247, 488 ; (12) 205, 

302 ; (13) 332, 333 ; (16) 226. 
HoTnarus gammarua^ (6) 259. 

vulgaris. See Lobster. 

ffomcp/melus mediterranean (22) 264. 

mdntOa, (22) 264. 

Homelyn ray. See Ray, homelyn. 
ffomologyra aiomusy (16) 119. 
HopUmyx cicada, (15) 187 ; (22) 243, 256. 
Horse-mackerel or scad {Caranx track- 

nrus), (8) 357. 



Horse-mackerel or scad, eggs of, (15)205. 

food of, (20) 486, 494. 

reproduction of, (13) 333. 

spawning period of, (4) 245. 

young stage resembling a, (16) 

205. 
Horse-mussel, (4) 219. 
Howes, Professor G. B., (13) 297 ; (18) 

335. 
Howietoun, fish-hatching at, (5) 230. 
Boyle, Dr. Wm. R, (6) 215. 
Hubrecht, Professor, (6) 306. 
ffuntetnannia jculeitsis, (17) 255 ; (18) 

395. 
Hutchison, Mr W., (18) 79. 
Huxley, Professor, (9) 416 ; (10) 173. 
Hj/ale luhbockiatitty (15) 137. 

nilssoni, (6) 246 ; (20) 519. 

Hyalodaphnia herotiiiensis, (9) 291. 
Hyas aranewy (6) 265, 261 ; (15) 129. 
coarc^o^tM, (6) 256 ; (15) 130; (20) 

536. 
Hyatintvcea ttiMcolay (15) 159. 
Hybrid between Califomian trout {S. 

iridetu) and Salmo fartOy (7) 383. 
between hybrid parents in sal- 

monidse, (7) 384. 
between Lochleven trout and hybrid 

of Howietoun salmon par and Loch- 
leven trout, (7) 384. 
between Lochleven trout and hybrid 

of S. scUar (male) and Lochleven trout 

(female), (7) 384. 
between Lochleven trout and sal- 
mon, (7) 383. 
between salmon and Ixxshleven 

trout, (7), 383. 
between turbot and brill, (13) 

333. 

of poor-cod, (11) 241. 

Hybridism in fish, (7) 382. 

among salmonid^. (7) 382. 

amon^ sea-fish, (8) 16. 

Hydractinta echinatay (15) 164. 
Hydrobia 9tagnal%8y (15) 120. 

iUwfy (7) 382 ; (9) 2S7, 288. ^ 

Hydrographic changes in North Sea, (12) 

21. 
research in the Baltic and North 

Sea, (13) 339. 

survey, (11) 8. 

Hydromedusa? of Firth of Forth, (16) 

194. 
Hydrozoa as food of cod, (4) 136. 

as food of haddocks, (4) 129. 

of Loch Fyne, (16) 163. 

Hypeiximmina arhorescens, (16) 274. 
Hyperia galbay (6) 249, 251 ; (15) 136 ; 

(16) 170,210; (17) 264 ; (18) 401 ; (20) 

500, 613, 519. 

as herring food, (4) 104, 123. 

gracUipeSy (10) 266. 

meduaarum, (6) 228, 249 ; (22) 243, 

266. 

obliviay (6) 260 ; (10) 265. 

tauri/armisy (9) 310. 

Hyperiidse, (6) 228, 229, 249 ; (10) 265 ; 

(16) 136 ; (18) 401. 
Hyperoche tauriformisy (16) 136; (16) 

170, 171,210; (17)264; (18)401. 
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Iceland, race of herring at, (17) 282. 
btitistics of catches of trawlers at, 

(20) 136. 
Ichthyobdella anarrhichce, (19) 140. 

hippoglossi, (19) 140. 

Tnarinoy (19) 140. 

aanguinea, (19) 140. 

Ichthyological notes, (4) 222 ; (19) 282; 

(22)281; (23)251. 

research, committee on, (21) 38. 

IdoiJiea haiticay (16) 168, 210 ; (20) 489, 

505, 619, 525, 527. 
emargtnata, (6)262; (16) 168, 169, 

210 ; (19) 271 ; (20) 600, 619. 525. 

granxdoaa, (20) 479. 

limaris, (6) 262 ; (16) 168, 169, 210 ; 

(19) 271 ; (20) 619. 

marina, (6) 252 ; (14) 165. 

ntgUcta, (22) 243, 257. 

pdagica, (6) 252 ; (15) 135 ; (19) 

271; (20)500,519,533. 

tricuspidata, (6) 252 ; (16) 135. 

Idya cliUha, (17) 259 ; (19) 250. 

furcata, (4) 153 ; (6) 241 ; (15) 163 ; 

(20) 511. 

gracUis, (13) 171 ; (15) 163. 

longicomis, (16) 153 ; (19) 251. 

minor, (15) 153 ; (19) 261. 

Ilyocrypt^is sordidus, (9) 273, 291 ; (11) 

232 ; (12) 286 ; (13) 188, 246, 250 ; (14) 

239; (15) 321, 330, 333 ; (16) 250, 252 ; 

(17) 141, 184, &c. 
Ilyocypris hiplieata, (16) 321, 326, 330; 

(16) 252 ; (17) 160, 164, 168, 184. 

gtbba, (8) 341, 344; (9) 273, 277, 

282, 283, 286, 288 ; (13) 188 ; (16) 333. 

Ilyodromus oltvacea, (17) 160, 168, 190. 

robertwni, (16) 321, 326 ; (17) 173, 

190. 

violacea, (17) 161. 

Ilyopsyllus coriaceus, (18) 396. 

Immature fish. See Fish, immatare. 

Impoverishment of fishing grounds, neces- 
sity of improved statistics to deter- 
mine, (20) 82, 86. 

- of fishing grounds, system of statis- 
tics to determine, (20) 76. 

Inachm dorseltensis, (6) 255; (15) 129 ; 

(20)637. 

leptochirtts, (20) 510. 

Inadequacy of present limit of territorial 

waters, (12) 12. 
Industrial fishine school, (6) 301. 
Influence of locality on growth, (20) 336. 
of temperature on the development 

of fishes' eggs, (13) 16, 147. 
Infusorian parasite, (15) 172. 
Injuries to food-fishes, (10) 207, 299. 
Inland waters of Scotland, invertebrate 

fauna of. See Fauna, invertebrate. 
Innervation of free rays in gurnard, (12) 

InomtUa, (18) 363. 

Inshore waters, spawning of fish in, (7) 

183. 
Intensity of fishing, as shown by marked 

fishes re-caught, (16) 375. 
Intercrossing in the genus Salmo, (7) 12. 



International conference on fisheries of 

extra-territorial waters, (9) 389. 
Investigation Committee, statistics 

for, (21)38. 

physical investigations, (16) 280. 

Intraovarian eggs of common dab, (16) 

96. 
fluid in teleoflteans, nature of, (16) 

93. 
Inverness Firth, physical and chemical 

examination of the water, (6) 313, 318, 

336. 
Invertebrate fauna of inland waters of 

Scotland. See Fauna, invertebrate. 
Investigations made on board steam- 
trawlers, (19) 68; (20) 92; (22) 13: 

(23) 13. 

offshore desirable, (13) 8. 

Iphimedia minuta, (12) 264 ; (15) 139 ; 

(22)267. 
o6€aa, (6) 247 ; (16)139; (16) 170, 

177, 210. 
Iphmoe gracilis f (6) 263. 

serraia, (19) 273 ; (20) 479, 510. 

trispinoaa, (15) 134 ; (16) 167, 209. 

Ireland, Congested Districts Board of, 

(12) 389. 

decline of oyster fishery in, (6) 300. 

enquiry on beam -trawling in, (8) 

361 ; (9) 395. 

— fisheries of, (6) 300 ; (12) 388. 

fishery work in, (9) 394 ; (10) 831. 

instructions in fishery matters in, 

(12) 389. 

investigation of marine fauna of 

south-west of, (7) 387. 

survey of the fishing grounds on 

south ana west coasts of, (9) 394. 

Irenaeus patersonii, (6) 238. 
Ischyrocerus anguipes, (19) 236, 264. 

minutus, (14) 161 ; (18) 402 ; (19) 

264. 
I8ia8 elavipes, (17) 251 ; (18) 384. 
Isle of Man, Fishery Committee of, (13) 

Isle of May, eels of, (12) 295. 

Isocardia ear, (8) 332. 

Isopoda of lochs. See Fauna, inverte- 
brate. 

Italy, fishery work in, (6) 308 ; (7) 401 ; 
(8) 375 ; (9) 422 ; (10) 353. 

as a market for Scottish-cured her- 

rinffs, (7) 163. 

beam-trawling in, (7) 401. 

department of fisheries in, (6) 308. 

legal sizes for immature fish in, (8) 

376. 

Royal Commission of Fisheries in, 

(6) 14. 

statistics of fisheries of, (9) 423. 

stocking of lakes and rivers in, (8) 

375. 

Ito, Mr K., (6) 308. 

ItuneUa tenniremi$, (15) 151. 



" Jackal," H.M.S., (12) 21, 301. 

cruise of, in the North Sea, 1888, 

(7) 412. 
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Jitra a[bifr<m», (6) 261 ; (15) 317. 

nordmanni, (6) 252 ; (16) 136, 330. 

Jamieson, Mr Peter, (7) 183, 188; (8) 

257; (9)244,311. 
Janassa capiUata, (6) 249. 
Jamra maculosa^ (6) 252 ; (15) 136 ; (16) 

169, 210. 
Japan, fisheries of, (6) 307, 308; (11) 

503 ; (13) 347, 349. 

fishery investigations in, (13) 348. 

fishery statistics of, (13) 348. 

Jasaa/alcata, (19) 265. 

pa«tfd, (19) 265. 

Jaxea noduma, (18) 404 ; (20) 480. 

Jenkins, Dr Travis, (22) 181. 

John Dory (Zeusfaber), (4) 232; (16) 

110; (18) m 
characters of mature eggs of, (16) 

133. 

eggs of, (16) 126. 

intraovarian eggs of, (16) 102. 

maturation of eggs of, (16) 131. 

mature and immature, (8) 177. 

parasite of, (18) 167. 

spawning period of, (4) 245. 

young of, (8) 177. 

Johnston & Sons, Messrs Joseph, (9) 21. 

Mr James, (8) 9, 17, 23. 

JonesieUa/tm/ormis, (16) 267 ; (18) 390. 

hy(Bfue, (11) 202, 203. 

spinulosa, (9) 301; (15) 150; (20) 

495, 603, 525. 
Jordan, Professor, (6) 302. 



Kellia nitida, (7) 324. 

Kidston, Mr R., (9) 269. 

Kiel commission for scientific investiga- 
tion of the sea, (6) 14, 303 ; (9) 407. 

Kincardineshire, fishing groundB off, (9) 
180. 

King-fish or Opah {Lampris luna). (2) 80; 
(21) 228. 

food of, (21)219. 

occurrence of, (20) 541. 

ovaries and eggs of, (19) 290. 

--— parasites of, (19) 136. 

Kinnaird Head, trawling investigations 
off, (22) 37. 

Kishinouye, Dr K., (13) 347. 

Kiithe bartonensis, (8) 322; (15) 143; (20) 
503, 511. 

Krbytra ctftimarinus, (6) 246. 

arenaria, (7) 320. 

brevicarpa, (10)263. 

Krdyeria haplocheUs, (10) 263. 

Kyle, Dr H. M., (15) 246 ; (16) 225 ; (17) 
274 ; (18) 189, 336. 



Labidocera woUastoni, (17) 251 ; (18) 385; 
(21) 113. 

Labrax lupus. See Bass. 

Labrus, post-larval forms of, with re- 
marks on colour of pelvic fins, (6) 268. 

maeulcUus or hergylUi, See Wrasse, 

baUan. 

mixiuB, See Wrasse, striped. 



L€u:uiia divarieala, (15) 119. 

j9a//uit£/o, (16) 119. 

Lcemargus microcephaJus. See Shark, 

Greenland. 

muriccUus, (9) 306. 

lj€ttmaiophUu8 armatus, (19) 266. 

tubcrculatus, (19) 236, 266. 

LcetmoniceJUicomis, (15) 159. 
Lcevicardium narvegicuvi, (15) 126< 
Lafoea dumoaa, (16) 164. 

fruticoea, (15) 164. 

Lafystius sturicnis, (7) 320. 
Lagena cosUUa, (16) 276. 

globosa, (15)166. 

gracUis, (16) 276. 

gracillima, (15) 166. 

hexagona, (7) 314 ; (15) 166. 

jeffreysii, (15) 166. 

kevigcUa, (16) 276. 

Icevis, (15) 166. 

lagenotdes, (16) 276. 

lineata, (16) 276. 

lyella, (16) 276. 

marginata, (15) 166. 

m«/o, (8) 316 ; (15)166. 

orbtgnyana^ (16) 276. 

jOT</cAe/fe, (8) 316. 

semistriatay (16) 276. 

squamosa, (7) 314 ; (15) 166. 

striata, (15) 166. 

sulcata, (15) 166. 

loiUiamsoni, (16) 276. 

Lagenula marginata, (7) 312. 
Lake fisheries in America, (12) 391. 
Lamellaria perspicuaf (15) 120. 
Lamippe alcyonti, (14) 164. 

duthiersii, (14) 164. 

forbesi, (19) 256. 

proteus, (14) 164 ; (19) 256. 

rtibra, (14) 164. 

Lamna camubica. See. Shark, porbeagle. 
Lampem {Petromyzonfluviattlts), spawn- 

insc period of, (4) 254. 
Lampris luna. See Kins-fish. 
Lamprops cristata, (4) 164. 
fasciata, (4) 163, 164 ; (6) 253 ; (16) 

134 ; (17) 266 ; (19) 274 ; (20) 492, 

495, 510. 
Lamps used to attract fish, (7) 399. 
Lancashire Sea Fisheries Committee, (11) 

8, 13 ; (12) 205, 386 ; (13) 10, 333. 
Lancelot {Amphioxus lanceolatus), (7) 

386; (18)293. 
Lankester, Professor E. Ray, (13) 338. 
Laophante cuHicauda, (6) 240, 242 ; (20) 

119 464. 
denticomis, (12) 246 ; (19) 248 ; (21) 

119.* 

depressa, (12) 245 ; (16) 151. 

gracilis, (21) 119. 

hispida, (8) 318 ; (16) 151 ; (21) 119. 

horrida, (4) 161 ; (10) 265, 256 ; (15) 

161. 

inopinata, (10) 256 ; (21) 119. 

intermedia, (13) 168 ; (19)248 ; (21) 

119. 
lameUifera, (4) 161; (6) 240; (16) 

161 ; (21) 119. 

litlorale, (12) 247 ; (21) 119. 

Umgicaudata, (8) 318 ; (16) 268 
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Ixtophoufe longirtnmy (23) 145. 

mohammedy (15) 317. 

aerrala, (8) 318 ; (16) 151 ; (17) 256 ; 

(21) 120. 
simUis, (4) 151 ; (6) 239 ; (10) 256 ; 

(15) 161 ; (20) 464. 

fdmulans, (12) 248 ; (15) 151. 

spinom, (18) 393. 

thoraeica, (6) 240; (15) 151; (17) 

256; (21) 119. 
LaophorUodes typieus, (12) 249 ; (21) 120. 
Laphistintt sturioiiiH, (18) 181. 
Large and small fish captured by beam- 
trawlers and line fishermen, (8) 30. 
Liarge.and small fish, distribution of, (7) 

171 ; (10) 30. 
Lark swallowed by cod (4) 134. 
Larvae of angler, (21) 189. 

obtained by '* Garland," (13) 258. 

of cod, habiUt of, (15) 194. 

of lobster (23) 69. 

of plaice, rearing of, (15) 175. 

of shrimp, description of stages of, 

(19)94. 
development of appendages of, 

(19) 96. 

moulting of, (19) 94. 

movements of, (19) 93. 

Larval fishes, (8) 14 ; (12) 298 ; (18) 260. 
in yirth of Clyde, (15) 250, 

251. 
in Firth of Forth, (16) 250, 

251. 
, post-larval, and young fishes, (8) 

286. 

forms of food-fishes, (7) 301. 

and young Crustacea, (16) 197. 

stages of Carcimis mcBticUy (21) 139. 

of decapod Crustacea, (19) 92. 

of four- bearded rockling, (8) 

363. 

of lobster, (23) 73. 

of the shrimp, (19) 92. 

Lastfa rubray (15) 125. 
Latchet. Set Gurnard, sapphirine. 
Lateral sense or^ns of fish, (16) 216. 
LcUhonnra recftrostrisy (17) 155, 156, 

172, 173, 184, 199. 
Lalotia setiferay {U) 2S0 ; (13)188,250; 

(14) 239 ; (15) 330, 331, 333 ; (16) 258, 

260. 
Ijauderia annulatay (15) 214. 
Launce. See Sand-eel. 

larger. See Sand-eel, larger. 

lesser. See Sand-eel, lesser. 

I>awrence, Mr George, (13) 236. 
Leachia grucUUy (6) 252. 

intermedtay (6) 252. ♦ 

Leda minuiay (15) 125. 
Ijeeohes, parasitic, on fish, (19) 137. 
Lemargus muricatusy (18) 158. 
Lemon dab. See Dab, lemon. 

sole. See Dab, lemon. 

LetUiculites rotulcUay (7) 314. 
Lepadogaeter bimactUcUus. See Bimacu- 

lated sucker. 

gofuinii. See Sucker, Cornish. 

Lepas anati/eray (6) 236. 
Lepejophtheirus hippoglomy (18) 151. 
nordmanrUy (18) 151. 



LepeophtheiruB obscnrwiy (18) 163. 

pectora/isy (9) 305; (16) 156; (18) 

150. 

'poUachiiy (18) 163 ; (20) 291. 

atriimiy (18) 152. 

atnrionis, (23) 110. 

thompsoniy (9) 305 ; (18) 152. 

LepidactylM arenarivSy ( 10) 264. 

dytiscmfy (10) 264. 

Lepidepecreum carituitumy (12) 262. 

longkonuiy (19) 236, 258. 

Lepidonotu^ Aquamattta, (15) 160. 

LepidoDMeKay (18) 361. 

hUiiieaUiy (18)353. 

Lepidorhomlms f)08ciiy (18) 357. 

whiff. Set Megrim. 

I Leprailia crtieiUay (15) 166. 

I pcUlaMiaiMy (16) 156. 

, Leptaspidia brci^pesy (9) 308 ; (15) 136. 

Leptocaris minutns, (17) 259. 
' f^ptocephaliit*, description of, (22) 281 ; 
(23) 251. 

morrimiy (22) 283 ; (2:^) 251. 

, ptuictalwy (22) 282 ; (23) 251. 

Leptocheirus pilo€w*y (15) 140 ; (18) 402 ; 
i (aO) 497. 

' Leptoq/lindrus danicuSy (16) 214. 
I Leptodara hyalinay (9) 272, 273, 296 ; 
(11)235; (12)286; (15)321.326; (17) 
I 138, 185. &c. 

I Leptognathia hrevimana, (17) 266 ; (19) 
I 269. 

brevtremUy (17) 266 ; (19) 269 ; (20) 

503, 610. 

longiremisy (19) 269. 

LepUmysutgrarUiSy (7)323; (15) 133; (16) 
168, 209 ; (17) 268 ; (18) 403 ; (19) 277. 

lingtmray (4) 169; (6) 254; (15) 

133 ; (16) 168, 162, 209 ; (17) 268. 

Leptan nitidumy (7) 324 ; (15) 126. 

Lepiop^ylltis herdnianiy (18) 394. 

minor y (18) 393. 

typicusy (12) 264. 

Le.ptoponiia rurvicauday (20) 449, 463. 

Leptorhynchiis fakattiSy (11) 234. 

Lep(08tylvi tnllosUy (19) 236, 274. 

Tjenima asellinay (9) 306. 

branchialisy (9) 307 ; (18) 161. 

comuiay (9) 306 ; (18) 164. 

cydopteriiuiy (18) 162. 

dalmanniiy (18) 169 ; (19) 130. 

elongatay (18) 171 ; (19) 132. 

lumpiy (19) 128. 

hisciy (22) 276, 277 ; (23) 113. 

mintUay (18) 161 ; (19) 128. 

pectoralisy (9) 305 ; (18) 160. 

sprattay (9) 306 ; (18) 161 ; (19) 127. 

uncinatay (9) 306 ; (18) 177. 

Ltrnctenicus sprattcHy (18) 161 ; (19) 127. 
I Lenuvopoda chUh(fy (18) 173. 

elmigatay (4) 228; (18) 171, 172, 

173; (19) 132. 

galeiy (18) 172. 

Lemenioma asellinay (9) 306 ; (18) 163. 

comutay (9) 306 ; (16) 166 ; (18) 164. 

lophiiy (9) 306 ; (16) 165 ; (18) 167. 

Lemeotiema monillarisy (9) 306. 

spraUay (2) 67 ; (9) 306 ; (18) 161. 

Lesser forkbeard. See Forkbeard, lesser. 

sand-eel. See Sand-eel, lesser. 
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Leaner spotted dog-fiah. See Dog.aah, 
lesser spotted. 

weever. See Weever, lesser. 

Lesteira lumjpi, (19) 129; (23) 113. 

Lestes lumpif (19) 128. 

Lestrigatius kinahani, (6) 249.^ 

fipinidormdvi, (10) 266, 266. 

Leueon cercaria, (4) 165. 

deformis, (8) 329. 

nassica, (6) 253 ; (20) 503, 510, 522. 

nasiats, (15) 134 ; (16) 167, 209 ; 

(17) 267 ; (19) 274. 

Lencofhoe lUljehorgii, (12)264 ; (15) 139 ; 
(19) 261; (20) 491. 503, 516, 523, 
527. 

spinicarpa, (8) 327 ; (15) 139. 

Leucothoidse, (12) 264. 

Leydigia quadrangularis, (9) 276, 277, 
292, 296 ; (15) 250 ; (17) 160, 161, 184, 
200. 

Liaehirus nitidus, (18) 359. 

Lichenopora hvipjda, (16) 167. 

Liehomolgtts agtiis^ (10) 264. 

aibens, (16) 269. 

arenicoluty (10) 260, 262. 

coTicinnus, (10) 261. 

farfiadu, (11) 208 ; (15) 163. 

fueicdus, (6)241 ; (11)211 ; (15) 153; 

(19)252; (21)131. 

furcUlatxis, (9) 304 ; (15) 153 ; (20) 

470. 

hirmUipes, (11) 206 ; (20) 470, 501. 

iiwi^M, (11)207. 

/ifcer, (10)261; (20)470. i 

liUaralis, (10) 260, 266. ' 

maximuSf (15) 154. I 

ptmrheti, (11)207. 

tkareilii, (10) 261 ; (18) 399. 

Life-histories and development of the 
food.fishes, (11) 239; (12) 218; (13) 
220; (14)17L 
Life-history of cod, (15) 194. 

edible crab, (18) 77. 

haddock, (16) 196. 

lobster, (23) 65. 

whiting, (15) 201. 

Lagia oceantcOf (6) 252. 
Light, influence of, on development of 
fish-eggs, (16) 178. 

action of, on larvae, (5) 246. 

effect of, on lobsters, (23) 98. 

lAUjeborgia kinahani, (16) 262; (18) 402; 

(19)264; (20)479. 
Lima hums, (15) 123. 

loscombi, (16) 123. 

mibauricnlata, (16) 123. 

Limadna retroveraa, (16) 115, 305, &c. ; 

(16)165, 166,209; (22)256. 
Limanda aspera, (18) 363. 

limandii, (18) 368. 

Lmapontia nigra, (7) 324. 
Limmrapalustris, (9)272; (15)320; (17) 

139, 159, 185. 
peregra, (8) 336, 337, Ac. ; (9) 272, 

276, &c. ; (13) 188, 244, 249; (14) 168, 

239 ; (15) 320 ; (16) 261, Ac. ; (17) 139, 

166, 166, 169, 186. 
truneahda, (8) 386, &c. ; (9) 272, 

276, Ac. ; (13) 244, 249 ; (16) 320, 332 ; 

(17) 139, 186. 



Ltmnicf/there inopiiuUa, (9) 273, 277, &c.; 
(13) 188, 246 ; (16) 618, 321 ; (16) 252 ; 
(17) 140, 160, &c. 

aancti-patriei, (9) 272, 273 ; (15) 321 ; 

(17) 164. 
Limfwria lignorum, (4) 217 ; (6) 262 ; (16) 

135. 
Line-fishing, description of method of, 
(4) 201. 

definition of ** large " and ** small " 

fish caught by, (8) 187. 

experimente of "Garland" on, (8) 

189. 

in territorial waters, (9) 24, 25, 26, 

29. 

and the destruction of immature 

fish, (8) 187. 
Lines of growth in skeletal structures of 

fishes, (23) 126. 
Lineus marinuSf (15) 160. 
Ling {Molva vulgaris), distribution of, (4) 
233; (15)111; (18)284; (21)62. 

distribution of adult and immature, 

(8) 176. 

eggs of, (4) 212; (8) 284; (16) 91, 

114, 116 ; (17) 82, 83, 84, 93, 96. 

eggs, distribution ot, (16) 244. 

fecundity of, (9) 268. 

food of, (8) 251 ; (20) 487, 519. 

mature and immature, (8) 176. 

parasites of, (19) 122, 149 ; (20) 288 ; 

(23) 108. 

proportion of males to females, IS) 

349 ; (10) 239. 

spawning period of, (4) 248 ; (7) 195, 

(8) 268 ; (10) 232 ; (15) 244 ; (17) 99. 

young of, (3) 62 ; (4) 209. 

Lioglossina, (18) 362, 366. 
LiopatUa, (18) 362, 353. 
Lipari« montagui. See Sucker, Mon- 
tague's. 

vulgaris. See Sea-snail. 

Liriope balani, (6) 261. 
Liriopsis balani, (6) 261. 
List of common and scientific names of 
fishes, (8)40; (10)40. 

of pelagic ova, &c., obtained by the 

" Garland," (8) 287 ; (14) 223. 
Liston Bank, (8) 200 ; (17) 210. 
Lithodts maia, (6) 258 ; (15) 130. 
Little sole. See Sole, little. 
LiUorina liiorea, (7) 328, 337 ; (16) 119. 

obtHsata, (15) 119. 

rudis, (16) 119. 

Lituolajindens, (8) 314. 

Liverpool Biological Society, work of, (9) 

392; (13)335. 
Lobster (Homarua vulgaris), casting of, 
(23) 89, 92, 95. 

copepod-parasite of, (19) 256. 

development of, (14) 186. 

digestibility of, (5) 228. 

diminution in size of, (6) 190, 192. 

distribution of, (6) 196. 

effect of cold on, (23) 72, 98. 

of strong light on, (23) 98. 

egffs of, (23) 101, 102. 

emoryonio stages of, (14) 207. 

experiments in breeding of, (14) 

190. 
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Lobster, experiments in hatching and 

rearing of, (8) 362 ; (23) 65. 

fishery, (6) 9, 189. 

at Bognor and Selsey, (6) 300. 

at HeligoUnd, (9) 405. 

in (Canada. (6) 192. 

in Newfoundland, regnlations 

regarding, (13) 336. 

in Scotland, ^6) 189. 

in United States, (6) 192. 

food of the zo6a of, (23) 78. 

fry of, (7) 403 ; (23) 68, 69. 

growth of, (23) 85, 95. 

hatching of, (9) 5, 391, 396, 398, 402; 

(10) 10; (12) 11 ; (14) 196; (21) 181 ; 

(23)65. 

in Canada^ (9) 396 ; (12) 393. 

in Newfoundland, (8) 365 ; (9) 

398 ; (13) 335. 

in Norway, (7) 405. 

in United States, (8) 364. 

imports of, (6) 191. 

larval stages of, (14) 207 ; (23) 67, 

69, 73. 

legislation regarding, (6) 198. 

Ufehistory of. (6) 195 ; (23) 65. 

of American, (9) 402. 

megalope stage of, (23) 68, 83. 

methods of fishing for. (6) 196. 

mode of attachment of eggs in, (22) 

117. 

mysis stage of, (23) 69. 

Norway. See Nephrops narvegicus. 

Norwegian exports of, (6) 193. 

pond at Brodick, (14) 14, 190. 

ponds in Spain, (13) 347. 

price of, (6) 197. 

proportion of "berried" hens, (23) 

88. 
rate of growth of embryo of, (14) 

190. 

rearing experiments with, (9) 391. 

senses of, (23) 97. 

sexual maturity of, (14) 202. 

signs of approaching moulting in, 

(23) 93. 
spawning of, (6) 196, 299 ; (14) 199 ; 

(18) 86 ; (22) 117 ; (23) 100, 101. 

young, food of, (23) 67, 69, 70. 

vitality of, (23) 67. 

zoga of, (23) 67, 74, 78. 

Lobworm {Arenicola piscaiorium) as bait, 

(7) 352, 356 ; (15) 159. 

reproduction of, (4) 217. 

Lochs and inland waters, invertebrate 

fauna of. See Fauna, invertebrate. 
Loch Fyne, ampliipoda of, (16) 262. 
chemical conditions of water 

in, (15) 266. 
circulation of water in, (15) 

262 
comparison of spawning season 

in, with East Coast, (17) 99. 

copepoda of, (4) 147 ; (16) 264. 

Crustacea of, (16) 262. 

density of water of, (15) 263. 

distribution, vertical, of eggs 

in, (17) 116. 
drift of pelagic eggs in, (17) 

120. 



Loch Fyne, estimated number of pelagic 

eggs in, (17) 109. 

fauna of, (4) 281. 

food of herrings in, (18) 252. 

foraminifera of, (16) 273. 

herring fishery in, (18) 252. 

herring fishery statistics of, 

(18) 256. 
herrings in deep water in, (18) 

253. 
invertebrate fauna of, (16) 

261. 

invertebrates of, (15) 107. 

isopoda of, (16) 262. 

larval and post-larval fishes 

of, (16) 250, 254 ; (17) 121. 

marine fishes of, (15) 107. 

migrations of gurnards in, (17) 

216. 
mixture of herring shoals in, 

(18) 253. 

ostracoda of, (16) 263. 

pelagic fish-eggs off, (15) 244, 

247 ; (17) 79. 

physical conditions of, (15) 262. 

physical observations in, (15) 

262 ; (17) 128, 130. 
plaice fry put into, (14) 155 ; 

(17) 207. 
proportion of young food-fishes 

to others in, (17) 127. 
relation of herring to copepoda, 

(17) 115. 

— — schizopoda of, (16) 262. 

seasonal abundance of copepoda 

in, (17) 114. 
seasonal abundance of pelagic 

eggs in, (17)94. 
spawning of herrings in, (18) 

253. 
spawning seasons of fish in, 

(17) 96. 

tidal observations in, (15) 268. 

vermes of, (16) 273. 



vertical distribution of cope- 
poda in, (17) 116. 
volumetric determination of 

copepoda in, (17) 112. 

young fishes in, (15) 254. 

Loch Lev en trout, spawning period of, 

(4)252. 
temperature observations in. See 

Temperature. 
L<eop8, (18) 361. 

Lofoten Isles, cod fishery at, (13) 339. 
Loligo, sp., (3) 67. 

sagUtcUa, (6) 264. 

vulgaris, as oait. 

Long rough dab. See Dab, long rough. 
Long-spined Cottus. See CoUtts buhalis. 
Longipedia coroncUa, (6) 239; (10) 249; 

(11) 198, 201 ; (15) 149; (20) 492, 495. 

minor, (15) 149 ; (19) 245 ; (20) 503. 

paguH, (11) 201, 202. 

Lophius pisccUorius. See Angler. 
Lophonectes, (18)361. 
L<i)hop?iorns irmgnis, (20) 46. 
Lossiemouth, trawling investigations off, 

(25) 93, 101 ; (22) 26, 28, 47; (23) 20, 

24, 46. 
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Lota vulgaris. See Burbot. 
Loxoeoneha dlipUca^ (8) 321. 

fragUis, (8) 325. 

guttata, (6) 244 ; (16) 143. 

tmpressa, (7) 317 ; (15) 143 ; (20) 

520. 
Loxocancha muUifora, (8) 321 ; (15) 143. 

ptmUa, {^) 325, 

tamarindiis, (6) 244 ; (16) 143 ; (20) 

523. 

viridis, (8) 321 ; (13) 188. 

Ludna harealis, (15) 128. 

apini/era, (15) 128 ; (20) 505. 

Lucinopsu undata, (16) 127. 
Luidia cUiaris, (20) 308, 319, 324. 

sargi, (20) 308, 319, 324. 

savigtiii, (20) 308. 

Lwnbriconereis nardonu, (15) 169. 
Ltimbricua ierrestruf as bait, (7) 356. 
Luminous organs in the British pearl- 
sides, (6) 281. 
Lumpeuus, sharp - tailed {Lumpenus 

lampetra^formis), description of, (2) 78 ; 

(12) 225. 

age of, (22) 203. 

at Aberdeen, (4) 210. 

distribution of, (19) 287. 

eggs of, (12) 226; (19) 287; (22) 

203. 

food of, (20) 486, 502 ; (21) 220. 

in Firth of Oyde, (15) 167. 

in Firth of Forth, (7) 326. 

in Loch Yyne, (16) 110 ; (18) 280. 

in North Sea, (19) 287; (21) 29, 35. 

in stomach of anglers, (21) 198. 

in stomach of picked dog-fish, (19) 

287. 

mature and immature, (8) 177, 357. 

rate of growth of, (22) 202. 

relation of length to weight, (22) 

238. 
spawning period of, (19) 287 ; (22) 

203. 
Lumpsucker {Cydopterus lumpus), in 

Loch Fyne, (4) 232 ; (15) 110. 

caught in trawl-net. 

colour changes in, (10) 243. 

cross-fertilisation of, with flounder, 

(8)358. 
eggs of, (3) 60; (7) 306; (10) 243; 

(14)173. 

as bait, (6) 273. 

volume of, (16) 141. 

fecundity of, (9) 253. 

food of, (3) 60 ; (20) 486, 497. 

comparative absence in 

stomach of female, (20) 499. 

large specimen of, (3) 69. 

ovipoeition of, (9) 244. 

parasites of, (19) 121, 128, 129 ; (23) 

108. 

power of adhesion of, (4) 212. 

protective resemblance in young of, 

(11) 390. 

rate of growth of, (12) 333. 

sexual proportions of, (10) 239. 

size at maturity, (10) 238. 

spawning of, (7) 197 ; (8) 269. 

young, mode of distribution of, (17) 

128. 



Lunan Bay, trawling investigations 

(20)96. 
Lunatia pulchella, (15) 120. 

sordida, (15)120. 

Lundberg, Dr. Rudolf, (7) 406 ; (9) 20, 

408 ; (13) 16. 
LfUtraria elliptica, (15) 127. 
Lybster, trawling investigations off. See 

Trawling investigations. 
Tiynceidse, (11) 232. 
Lynceus acanthocercoides, (9) 292. 

affinis, (9) 293. 

costattta, (9) 293. 

el&ngatus, (9) 286, 292. 

excisus, (9) 286, 293. 

exiguw, (9) 293 ; (11) 233. 

globosu8, (9) 295. 

guttattu, (9) 277, 293. 

harpce, (9) 292 ; (11) 232. 

l<pvts, (9) 294. 

lameUatus, (9) 291. 

leueocephalu8f (9) 292. 

longirostris, (9) 291. 

macruna. (9) 292 ; (11) 232. 

nanus, (9) 293. 

quadranguiaris, (9) 277, 282, 292, 

293; (11)233. 

sphcericus, (9) 295 ; (11) 234. 

tenuicaudis, (9) 277, 292. 

testudinarius, (11) 233. 

trigonellus, (9) 294. 

truncatus, (9) 294 ; (11) 234. 

uncinatus, (9) 294. 

Lyansia norvegica, (12) 265 ; (15) 129. 
Lysiawtx costce, (15) 137. 
Lythe. See Pollack. 

M 

Macharina subuiata, (20) 503. 

tenuissima, (15) 145 ; (20) 497, 520. 

McDonald, OiL Marshall, (8) 21. 
M*Intoeh, Professor W. C, (4) 201 ; (5) 

354 ; (6) 265, 279, 281 ; (7) 259, 387 ; 

(8) 8, 14, 21, 270, 283; (9) 211, 244, 

269, 317, &c 
Mackay, Captain, (7) 188. 
Mackerel {Scomber scomber), (4) 232 ; (6) 

276 ; (15) 110 ; (18) 277 ; (21) 30, 33, 

68. 

arrangement of muscles in, (4) 168. 

attacked bv squids, (3) 68. 

caught in deep water in winter, (21) 

69. 

caught in otter-trawl, (21) 68. 

composition of, (6) 228. 

curing of, (12) 388. 

digestibUity of, (6) 228. 

eggs of, (16) 91, 114 ; (17) 82, 83, 84, 

93, M, 106. 
enquiry respecting Scottish, (12) 17 ; 

(13) 13. 

fecundity of, (9) 262. 

fishing, (13) 13. 

in Irehuid, (9) 396 ; (12) 388. 

at Kinsale, (12) 390. 

in United States, (12) 393, 395. 

food of, (20) 486, 498. 

larval and poet-larval, (17) 125. 

life-history of Mediterranean, (8) 372. 
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Mackerel of east ami west coast* of 

Scotland, (18) 294. 

parasites of, (19) 124, 135, 146. 

question of racial differences among, 

(18)294. 
question of sexual differences 

among, (18) 312. 

sizes and sex of, (18) 302. 

spawning period of, (4) 245 ; (17) 

98 ; (18) 327. 

specific gravity of eggs of, (7) 386. 

weight of ripe and unripe, (18) 328. 

Mackie, Mr R., (10)286. 
Maclaean, Nellie, (2) 74. 
MacMimn, l)r A. C, (7) 386, 387. 
Macrocypris minna, ( 19) 286, 257. 
Macromysia fiexuoaa, (15) 133. 
Macropodia longirwArisy (15) 130. 

rostrata, (16) 130 ; (16) 156, 209. 

Macropsia dahberi, (6) 254 ; (8) 332 ; (16) 

158, 162, 209 ; (19) 277 ; (20>532. 
Macrostylia apinifera, (19) 236, 272. 
Macrothrix hirsuticomis, (14) 239, 242. 

latic&mis, (11) 231. 

Mcururua Ictiis, food of, (20) 501. 

occurrence of, (20) 541. 

Mactra ellipttca, (15) 127. 

stnUorum, (6) 231. 

sttbtrunceUa, (15) 127. 

Madreporite of Cribella oculata, (6) 280. 
Jtf^tpm6a/«, (14)160. 

grossimaita, (6) 247 ; (7) 327. 

loi^ni, (7) 327 ; (19) 264 ; (20) 478, 

516, 520. 
othonia, (6) 247 ; (15) 140 ; (18) 402 ; 

(19)264. 
Mair,-Mr William, (8) 257 ; (9) 21, 177, 

244 ; (10) 23, 29 ; (11) 24, 29, 30 ; (14) 

22,56. 
Maitland, Sir J. Ramsay-Oibson, (5) 43 ; 

(6) 25 ; (7) 12, 382 ; (10) 192, 331. 
Maldane biceps, (15) 158. 
MaUottis viUosu*, See Gapelin. 
Malm, Dr, (9) 408 ; (10) 344 ; (13) 16. 
Mancopsetta, (18) 361. 

Mangelia attenuata, (15) 118. 

lanngatay 15) 118. 

Marctenobiotus ftefdomkeif (14) 168, 169; 

(16) 249 ; (17) 172, 173, 183, 189. 
Margarita helicina, (15) 122. 
MargimUina glabra, (16) 277. 
Marine Biological Association of the 

U.K., (6) 298; (8)361; (9)390; (12) 

385 ; (13) 332. 
laboratory, Plymouth, (6) 15, 

298 ; (7) 385. 

station at Puffin Island, (8) 362. 

currents, transport of fish eggs by, 

(13)13, 135; (14)15. 

diatoms, (15) 15. 

Fisheries Society, (6) 300 ; (8) 161. 

fishes of Loch Fyne, (15) 107. 

food-fishes : food, spawning, and 

habits of, (7) 182. 
laboratory at Arcaohon, work of, 

(7)392. 
at Boulogne-sur-mer, work of, 

(7) 390. 

at Concameau, work of, (7) 

389 ; (8) 373 ; (9) 418. 



Marine laboratory at Helder, (9) 413. 

at Helgoland, (9) 405. 

at Marseilles, work of, (7) 392; 

(8) 371 ; (9) 418. 
at St. Andrews, (6) 279; (13) 

8. 
at St. Andrews, description of, 

(3)55. 
pisciculture, practical results of, (13) 

10. 
Marion, Professor, (7) 884, 392 ; (8) 21, 

371 ; (9) 389, 418 ; 00) 160, 189, 294, 

352 ; (11) 21, 239, 487 ; (13) 16. 
> Marketable and unmarketable fishes, 
I classification of, (21) 40. 
Marking fish b^* labels, (7) 406. 
I Marl deposits in Loch Doon, (17) 174. 
Mars Bank, (9) 181. 
Masterman, Dr, A. T., (11) 250; (12) 

272; (13) 289, 279; (14)294; (16) 

219. 
Matthews, J. Duncan, (5) 245, 257, 295 ; 

(6) 25 ; (9) 331 ; (17) 274. 
Maturation of eggs. See ^ga. 
Maturity, average size ofhaddock at, 

(22) 153. 
average size of plaice at, (18) 190 ; 

22; 156. 
average size of whiting at, (22 

150. 
minimum size of grey, gurnard at, 

(17)223. 

of edible crab, size at, (18) 79. 

of fishes, (10) 18. 

of plaice, variation of size at, in 

different regions, (20) 358. 

sexual, in sturseon, (6) 303. 

size at which fishes reach, (10) 236. 

of cod at, (19) 228 ; (22) 158. 

of edible male crab at, (18) 97. 

of female edible crab at, (18) 

79. 

of haddock at, (19) 2ia 

of Norway pout at, (19) 164. 

of plaice at, (20) 357. 

of sprat at, (22) 181. 

of whiting at, (20) 399. 

-. of witch at, (22) 195. 

Maurolicus pentiaiUii, See Pearl-sides. 
Mazocrces alosce, (19) 145. 
Measurements of fish, importance of, (20) 

326,330. 
Measuring-table for fishes, (20) 330. 
Medusidie interfering with trawling 

operations, (20) 94, 95, 103. 
Meek, Mr Alex., (17) 117 ; (22) 136. 
Afegaluropus agilis, (8) 326 ; (18) 402 ; 

(20) 478, 491, 610 ; (22) 243, 257. 
MegamoBra othonis, (6) 247. 
Megamphoptta comutus, (14) 161 ; (20) 

479, 517. 
Megrim {Lepidorhonibua whiff), (7) 325 ; 

(12) 224 ; (18) 286, 357 ; (21) 50. 
abundant in deep water on north- 
eastern grounds, (21) 50. 

development of, (10) 292. 

distribution of, (21) 50. 

eggs of, (16)91, 114. 

©ggresembling that of, (12) 224. 

inFirth of Clyde, (15) 250. 
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Megrim, feoondity of, (9) 263. 

food of, (7) &7, 240 ; (8) 264, 266 ; 

(20) 523. 

mature and immature, (8) 172. 

proportion of males to females, (8) 

349; (10)239. 

size at maturity, (10) 238. 

spawning of, (7) 192. 

Mdita dentaia, (14) 160. 

gladiosa, (6) 247. 

obtusata, (6) 247 ; (15) 140 ; (20) 

601, 510. 

proxima^ (6) 247. 

Mdosira orichalceay (9) 274. 

varian$t (9) 274. 

Melphidippa spinosa^ (10) 264. 
Mdphidippdla macera, (16) 170, 177, 

210; (17)265; (19)263. 
MelviUe, Mr John, (9) 177, 343. 
Membranipora flemingiiy (16) 156. 

pilMa,{l5) 156. 

Meridion circulare, (9) 274. 
Merluccius vulgaris. See Hake. 
Merry-sole. Sie Lemon dab. 
Mesh of trawl-net, (8) 182. 
experiments on influence of, 

(12) 306 ; (19) 62. 
influence of size of, on fish 

caught, (19) 62. 
relation between, and the fish 

captured, (12) 306 ; (19) 62. 
Mesochra lUljeborgii, (6) 239; (11) 228, 

229. 

macintoshi, (13) 167 ; (20) 461. 

propinqua, (14) 162. 

robertioniy (11) 228, 229. 

spinicauda, (13) 167 ; (18) 391. 

Methods of fishing for herrings in Clyde, 

(12) 18. 
of fishing in relation to statistics, 

(20) 79. 

of rearing fish larv», (15) 177. 

Metopa olden, (7) 319 ; (16) 170, 177, 

210 ; (20) 516, 527. 

horealis, (19) 260 ; (22) 243, 257. 

bmzdii, (14) 159. 

nastUa, (14) 159. 

norvegica, (19) 261. 

poUexiana, (6) 246 ; (17) 265 ; (20) 

478. 

propmqua, (12) 263. 

pusUla, (20) 478, 516. 

rofrtMto, (17) 265. 

rubrovUlcUa, (19) 260 ; (20) 510, 627. 

Metopella nwmta, (19) 261 ; (20) 497, 610. 
Metopina robiista, (19) 236, 261. 
Metridxa armata, (4) 148 ; (9) 300; (15) 

147. 

as herring-food, (4) 126. 

hibemica, (15) 146, 307, 308, 309, 

310, 311, 314 ; (16) 177, 189, 210 ; (17) 

251, 270. 

Imga, (20) 464. 

lucens, (18) 385 ; (19) 239 ; (20) 454, 

611,513,517,632; (21) 113. 
Microchirus miniUuSf (18) 359. 

variegata, (18) 369. 

Micrococcus alhus tranttlucens, (6) 208. 

calyciformis, (6) 209. 

-: rotundus magnus, (6) 210. 



Micrococcus Mxmgiosus, (6) 209. 

Microcotyle donovani, (23). 

labracis, {2S) 117. 

Microcrustacea from Clyde and Moray 
Firth, (17) 248. 

Microdeutopus anomaltis, (15) 140. 

damnoniensiSi (15) 1*D. 

Micrqjassa cumbrensis, (19) 266. 

Microniscus calani, (15) 172, 309, 311. 

Micro-organisms, determination of num- 
ber in water, (4) 178. 

in river- water, (3) 73 ; (4) 176 ; (5) 

331. 

in river-water, methods of detect- 
ing, (3) 73. 

Microporella impressa, (15) 166. 

Microprotopus maculatus, (14) 161 ; (18) 
402 ; (20) 527. 

Mierostella aOantica, (9) 301. 

MicrosUmus (18) 353. 

Midwater net, description of, (5) 366. 

Migrations of brill, (11) 189. 

of cod, (11) 189 ; (15) 376. 

of dab, (11)189. 

of edible crab, (18) 119, 126 ; (22) 

136. 

relation of, to temperature, 

(18) 124. 

of fishes, (10) 19. 

in relation to currents, (16) 

375. 

value of statistics in connec- 
tion with, (11) 16, 1T6 ; (21) 38. 

of grey gurnard, (17) 210. 

adults and immature together 

(17) 223. 

in relation to reproduction 

(17) 222. 

of grey skate, (11) 191. 

of gurnard, relation of, to changes 

in temperature, (17)216. 

of herring, (10) 173; (11) 191 ; (17) 

286. 

of immature gurnards, (17) 227. 

of lemon sole, (11) 187. 

of plaice, (11) 176 ; (16) 376. 

in relation to maturity, (8) 

168. 

of thomback ray, (11) 191. 

of turbot, (II) 189. 

Migratory movements of sea-fishes, (8) 
14, 363. 

Milidina agglutinans, (7) 313 ; (8) 313 ; 
(9) 288 ; (15) 166. 

auberiana, (16) 274. 

bicomis, (7) 313 ; (16) 274. 

conUnia, (15) 165. 

firussacii, (7) 313 ; (15) 166. 

fusca, (8) 313; (16) 274. 

Inbiosa, (16) 274. 

oblonga, (7) 312 ; (16) 274. 

secans, (7) 312 ; (16) 166. 

«mtntiZttm, (7) 312 ; (15)165; (20) 

497, 510, 627. 

subrotunda, (9) 288 ; (16) 166. 

tricarinata, (8) 313 ; (16) 166. 

irigonulGy (7) 312; (8) 313; (16) 

166. 

venusta, (16) 274. 

MUiolitcs ringens, (7) 312. 
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MiU, Dr H. R., (5) 349 ; (6) 909, 313, 

349; (7) 409; (9) 18, 353; (10)330; 

(11) 8, 20, 395 ; (12) 336 ; (15) 262. 
Miller, Mr DoDald, (8) 23, 257 ; (9) 21. 
Milliken, Mr A., (9) 177 ; (10) 202. 
Milroy, Professor T. H., (16) 135. 
Minnows, food of, (17) 174. 
Misophria pcUlida, (12) 237 ; (15) 148 ; 

(17) 253. 
Mitchell, Professor J. C, (13) 347. 
Mobianua gyran8,-il9) 237. 
Mftbius, Dr, (4) 102. 
Modiola modiolus, (15) 124. 
Modiolaria discorSy (15) 125 ; (20) 510. 

marjnortUa, (15) 124. 

Modiolicola insignes, (12) 259. 
MoUtria costulata, (15) 121. 
Mollusca as food of cod, (4) 136, 146. 

as food of haddocks, (4) 130. 

as herring-food, (4) 127. 

of Loch Fyne, (15) 114. 

of lochs and inland waters. See 

Fauna, invertebrate. 

of plankton, (16) 155. 

Molluscs as bait, (6) 273. 

development of, (8) 15. 

eggs of, (4) 217. 

Molua molva. See Lin^. 
Molva vtUgartB. See Ling. 

Monaco, H.H. Prince of, scientific in- 
vestigations of, (7) 384, 395 ; (8) 359, 
373 ; (11) 21, 487 ; (13) 16, 153. 

Monimafimhriala, (19) 125. 

Monk. See Angler. . 

Monochirua hia]^u8, (18) 359. 

MonocuLodea ajfinis, (8) 326. 

carinata, (8) 326 ; (15) 139 ; (20) 

491. 

Umgimanus, (6) 246 ; (8) 326. 

packardi, (15) 139 ; (17) 265. 

atimpaonif (8) 326. 

tuberctUatus, (15) 169. 

MonoctUus opIU?uilmicu8, (8) 342 ; (11) 

230 

pediadu8, (9) 295 ; (11) 234. 

pulex, (9)290. 

quadricomis, (11) 223. 

reticulalus, (9)289. 

villosa, (8) 343. 

Mondene, (18) 357. 

Monospiltia dupar, (9) 295 ; (13) 245 ; 

(17) 140, 141, 155, 156, 164. 
tenuirostrisy (9) 272, 273, 295, 296 ; 

(17) 185, 201. 
Monrich Bank, (9) 181. 
MonstriUa anglica, (22) 242, 246. 
dance, (15) 163 ; (17) 261 ; (18) 398 ; 

(22) 246. 

dttWa, (22) 242, 247. 

gracUicauda, (22) 242, 245. 

grandie, (22) 242, 243. 

helgolandica, (16) 190. 

hngieoniis, (22) 242, 244. 

longiremia, (20) 449, 469 ; (22) 244. 

rigida, (9) 304 ; (16) 190 ; (22) 248. 

sp., (16) 20. 

Montacuta bidentata, (15) 125 ; (20) 496, 

497,503. 

/erruginosa, (20) 527. 

stihatriata, (15) 125 ; (20) 317. 



MonUtcuta, ^timtduto, (15) 126. 
Mantagua alderi, (7) 319. 

dubia, (10)262. 

marina, (7) 319. 

Montagiii monoculoides, (6) 246. 

poUexiana, (6) 246. 

Montagu's sucker. See Sucker. 
Montenegro as a market for Scottish- 
cured herrings, (7) 163. 
Montrose, larval fishes at, (8) 287 : (11) 

254 ; (12) 300 ; (14) 225. 
pelagic eggs of fishes at, (8)287; (11) 

254; (12)300; (14)226. 
post-larval fishes of, (8) 287; (11) 

264; (12)300; (14)225. 
young fishes at, (8) 287 ; (9) 341 ; 

(10) 304 ; (11) 254; (12) 300; (14) 225. 
Moraria anderson-smtthi, (11)228; (14) 

168, 239 ; (15) 302, 318, 330, 332 ; (16) 

250, 252; (17) 140, 145, 183, &c 
brevipea, (15) 320, 326 ; (17) 155, 159, 

161, 173, 189. 

poppsi, (15) 319, 320, 325. 

Moray Firth, fishing grounds in, (9) 

18*^ 

^"closure of, (11) 9, 23 ; (12) 14. 

Crustacea of, (17) 248. 

direction of currents in, (16) 343. 

echinoderms of, (20) 304. 

fishing by foreign trawlers in dosed 

waters of, (20) 19. 
importance of investigations in, (14) 

18,25. 
invertebrate fauna in trawl-net, (15) 

81. 
larval fishes of, (8) 287; (9)340; (11) 

254; (13) 268, 270; (14) 224; (16) 

255. 

migrations of ffumards in, (17) 215. 

pe&gic eggs of fishes in, (8) 287 ; (9) 

340 ; (11) 2» ; (12) 300 ; (13) 268, 270; 

(14)224; (15)2.55. 

pelagic fauna of, (5) 67. 

physical and chemical eicamination 

of water, (6) 313, 318, 336. 
physical observations in, in 1896, 

(15) 91. 
post-larval fishes in, (8) 287 ; (9) 340; 

(11)264; (13)288,370; (14)224; (15) 

257. 
statistics showing the quantities of 

fish caught by line fishermen in, (14) 

23. 
temporary opening of, to trawlers in 

1896, (20) 126. 
trawling experiments in, (12) 27 ; 

(13) 12 ; (14) 11, 20 ; (15) 18 ; (16) 18 ; 

(17) 18 ; (19) 18 ; (20) 18 ; (22) 19 ; (23) 

13, 14, 26. 
trawling stations, description of, (19) 

18. 
young fishes of, (8) 287 ; (9) 340 ; (10) 

304; (11)254; (13)288,270; (14)224; 

(15) 265. 
Morocco, fisheries on Atlantic coasts of, 

(9) 421. 
Mortimore, Mr Thomas, (12) 21. 
Motella eimbria. See Rockling, fonr- 

bearded. 

— mttatela, /See Rockling, five-bearded. 
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MoteUa^ tridrrcUa. See Rockling, three- 
bearded. 
Mugil chdOj See Mullet, leeser grey. 

Capitol, See Mullet, grey. 

Muller's topknot. See Topknot, MuUer's. 
Mullet, grey {Mugil capito), (18) 281. 

food of, (20) 486, 604. 

lesser grey {Mugil chelo), (6) 276. 

food of, (21) 221. 

parasites of, (19) 123. 

red {kuUua barbatus), (18) 274. 

occurrence of, at Aberdeen, (20) 

540. 

spawning period of, (4) 244. 

thick-lipped grey. See Mullet, 

lesser grey. 
Mullus barbcUus. See Mullet, red. 

8urmuhtu8. See Mullet, red. 

Multiple tumours in plaice and flounders, 

(3)66. 
Munida bamffim, (6) 259. 

rondeietii, (6) 259. 

rugosa, (6) 259; (15) !31 ; (17) 

266. 

eggs of, (22) 116. 

Munna boecS, (17) 266. 

krdi/en, (6) 252 ; (17) 266. 

Murray, Dr George, (15) 212. 

Mr J., (6)223. 

Sir John, (8) 23, 257 ; (9) 177, 178, 

244 ; (10) 23 ; (11) 24 '; (17) 114, 236. 
Muscles, arrangement of, in teleosteans, 

(4) 167. 

colour of, (4) 167. 

of fishes, red and pale, (4) 166. 

of fish, fat in, (5) 226. 

histology of, (4) 169. 

Mussel bait, (8) 16. 

common (MytUus edulis), (7) 328, 

387,356,349; (15)124. 

age at maturity of, (4) 221. 

artificial fertilisation of eggs of, 

(5)250. 

cultivation of, (4) 222. 

development of, (4) 218 ; (5) 

247. 
development of eggs of, (5) 

249. 
development of genital glands 

of, (5) 248. 

eggs of, (5) 249, 250. 

embryos of, (5) 253. 

growth of, (4) 222. 

habits of, in early stages, (5) 

255. 

reproduction of, (3) 56 ; (4) 219. 

sperms of, (5) 250. 

culture, (12)387. 

at Montrose, history of, (13) 

137. 

in Northumberland, (9) 394. 

farming at Montrose, (7) 11, 827. 

at Montrose, conunon bed, (7) 

335. 
at Montrose, description of the 

mussel-beds, (7) .331. 
beds at Montrose, fauna of the 

beds, (7) 336, 337. 
at Montrose, Ferryden and 

Usan Society's beds, (7) 331. 



Mussel-beds at Montrose, Messrs John- 
ston and Son's beds, (7) 333. 
at Montrose, method of cultiva- 
tion, (7) 320. 

fisheries in Holland, (9) 415. 

Mussels, (6) 21, 22; (10) 16. 

decline in, (9) 17. 

experiments on the preservation of, 

for bait, (5) 358. 

poisoning by, enquiry on, (7) 393. 

sale and consumption of, in France, 

(7)392. 
Mya armaria, (7) 341 ; (9) 287, 288 ; (15) 

128 ; (20) 527. 

truncata, (15) 128. 

Myology of pectoral arch in gurnard, (12) 

325. 
Mysidfe, distribution of, in Firth of Forth, 

(16) 163. 
Mysidion abyesorum. 

commune. 

MyMdopsis anguata, (4) 158 ; (7) 323 ; (9) 

308 ; (15) 133 ; (16) 158, 162, 209 ; (17) 

268; (18)403; (20)480. 
didelphy«,(1) 322; (15) 133; (16) 

158, 161, 209 ; (17) 268 ; (19) 276. 
(7t66<wa, (4) 158 ; (6)254; (15)138; 

(16) 158, 161, 209; (17) 268; (18) 

403. 

hiapida, (7) 323. 

Myeia arenoea, (4) 159. 

aurantia, (4) 161 ; (6) 255. 

chanMleon, (6) 254. 

-:— camuia, (4) 159. 

didelphys, (7) 322. 

erythrophlhalma, (7) 322. 

JUxuoaa, (6) 254. 

gracUia, (7) 323. 

griffiihsicR, (4) 162. 

intrmia, (4) 159 ; (6) 256. 

lamorruE, (4) 159 ; (6) 266. 

<ymata, (6) 265 ; (7) 324. 

roatralua, (4) 162. 

apiritua, (6) 266. 

truneatula, (4) 169. 

vulgaria, (6) 256 ; (9) 286 ; (18) 244. 

Mysis stoee of lobster, (23) 69. 
MytUua edulia. See Mussel, common. 
modiolua, (4) 218 ; (7) 347, 362, 366; 

(11)208. ^ 

Myxine glutinoaa. See Hagfish. 

N 

Nam SB of fishes, common and scientific, 
(7)36. 

Nannaatacua unguiculaiua, (16) 136 ; (18) 
403; (19)276; (20)480. 

Narmopua paluatria, (12) 263 ; (18) 394; 
(20)466; (21)124. 

Naples, zoological station at, (6) 806. 

Naaaa incraaaata, (6) 231 ; (16) 118. 

pygmcaa, (15) 118. 

reticulata, (16) 118. 

yatica alderi, (20) 496, 497, 508. 

grcmlandica, (19) 286. 

National Sea Fisheries Protection As- 
sociation, (8) 360. 

Natural history of the herring, (17) 274. 

Nature of "red** cod, (6) 10, S03, 207. 
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^autUuB asnmonoidea, (8) 317. 
- — calcar, (7) 314. 

cr^ndula, (7) 314. 

— — cn^ms, (7) 315. 

it^flata, (8) 315. 

liruariSy (7) 314. 

Naviculafiisi/ormis, (15) 300. 

gastrum, (9) 274. 

f^-66a, (9) 274. 

limoM, (9) 274. 

membranfiuay (15) 214. 

me»olepta, (9) 274. 

ptwtWa, (9) 274. 

radiasa, (9) 274. 

reinhardti, (9) 274. 

smithii, (9) 274. 

viridtda, (9) 274. 

Nebalia bijtes, (15) 141. 
Nematocelts megalopsy (10) 267. 
Nematode parasite, (15) 172. 
Nematops, (18) 361. 
Nematopus deganSf (4) 158. 

goesit, (7) 322. 

pygmoea, (4) 158. 

serrcUuSy (8) 33a 

Nemertea, (15) 160. 

Nemertidse, (12) 265. 

Neobradya ptainifer, (10) 249 ; (21) 117. 

Neomenxa eariiuUa, (15) 159. 

Neomysis vulgaris, (13) 188; (15) 133; 

(16) 158, 163, 209 ; (18) 403 ; (20) 532. 
Neopontius angularis, (16) 271 ; (17) 262. 
Neplielis oetoculcUa, (9) 273 ; (15) 318. 
Nephrops narvegicus, (6) 259 ; (7) 356 ; 

(16) 198 ; (20) 507, 516 ; (21) 225. 

blood of, (4) 171. 

mode of attachment of eggs in, (22) 

118. 
Nephthys cUiata, (16) 160. 

hombergif (15) 159. 

Neptunae arUiqua. 

Nereicola conctnnay (20) 449, 455. 

Nereis dumeriliiy (15) 159. 

pelagica, (15) 159. 

swarms of sexual form, (12) 187. 

NtritinafluvicdUis, (9) 288. 

Nerophis cequoretu. See Pipe-fish, 

straight-nosed. 

lumbrieiformis, i9ee Pipe-fish, worm. 

Nest of ballan wrasse, (5) 245. 

Nefl^j Petersen's, for the capture of young 

fishes, (20) ^9. 
.— - small-meshed, for collecting small 

fishes, (20) 327. 
Nets, experiments with small-meshed, 

(21)40. 
for the capture of post-larval and 

youn£ fishes, (20) 328. 
Netheruuids as a market for Scottish- 
cured herrings, (7) 165. 
Newfoundland, administration of fish- 
eries in, (8) 365. 
fishery work in, (8) 365 ; (9) 398 ; 

(10)336; (11)495; (13)337. 

hatching of cod in, (8) 365. 

hatching of lobsters in, (8) 365. 

physical observations at banks of, 

(9)420. 
New South Wales, fisheries of, (9) 399 ; 

(10) 341 ; (12) 393. 



New South Wales, fishery administration 

in, (9) 398. 
New Zealand, fisheries of, (9) 400; (13) 

introduction of European fishes to, 

(9) 401. 
NicothoSasUiei, (19) 254 ; (23) 149. 
Nielsen, Mr A., (8) 359; (10)336; (11 

21,487,496; (13)16,335. 
Niha edulis, (9) 309 ; (15) 132, 168 ; (20) 

491, 523, 524, 535, 537. 
Nitzschia closterium, (15) 300. 

fraudvleiUa, (15) 300. 

lineola, (15) 300. 

migrans, (15) 300. 

seriata, (15) 298, 300. 

sigmoidea, (9) 274. 

thermoUis, (9) 274. 

Nodo9aria communis, (15) 166. 

(Miqua, (16) 277. 

pawperata, (16)277. 

perversa, (16) 277. 

pyrvla, (7) 314 ; (16) 276. 

scaiaris, (16) 166. 

Ndnionina oMerizaTis, (15) 167. 

depressula, (9) 288 ; (15) 167. 

elegans, (8) 317. 

orbicularis, (16) 277. 

scapha, (16) 277. 

Normal Company, factory of, (4) 257. 
Norman, C;anon A. M., (4) 155, 231 ; (10) 

244. 
NormaneUa attenuata, (20) 449, 464. 

dubia, (12) 250 ; (15) 151. 

Normanion quadrimanuSf (17) 264 ; (19) 

258. 
North- Eastern Sea Fisheries Committee, 

(13) 10. 
North Sea, absence of algse on large areas 

of bottom of, r9) 406. 
cause of the movement of the sur- 
face currents in, (15) 356. 

currents in, (12) 351. 

currents of, in relation to fisheries, 

(15) 11, 334. 
direction and rate of currents, (16) 

338. 
division into areas for statistical 

purposes, (20) 87. 
effect of tides on surface currents 

in, (15) 360. 

investigations, (20) 73. 

movement of Atlantic water into, 

(15) 339. 

over-fishinc in, (10) 170. 

physics and chemistry of, (7) 13. 

prevailing winds in, (15) 360. 

rate and depth of surface current 

in, (15) 364. 
relation of surface currents in, to 

fisheries, (15) 367. 
reversal of surface current in, (15) 

361. 
seasonal variations of currents of, 

(15) 335. 
special fishery statistics of, (21) 

37. 

surface currents of, (18) 370. 

Northumberland Sea Fisheries Com- 
mittee, (13) 10. 
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Norway and Sweden as a market for 

Scottish-cured herring, (7) 166. 
Norway, artificial fertilisation of ova in, 

(7) 403. 
Association for the Promotion of 

Norwegian Fisheries, (9) 304. 

bullhead. See Bullhead, Norway. 

fish-culture in, (6) 234 ; (13) 339. 

fisheries of, (6) 304 ; (7) 402 ; (9) 

fish-hatching in, (7) 403 ; (J7) 208. 

400 ; (10) 346 ; (11) 496 ; (12) 398 ; (13) 

341. 

haddock. See Haddock, Norway. 

hatching of cod in, (6) 305 ; (8) 374; 

(9) 409. 

hatching of flat fish in, (7) 405. 

hatching of lobsters in, (7) 406. 

lobster. Su Nephropa norvegicus, 

pout. See Pout, Norway. 

rearing of cod in, (7) 404. 

scientific fishery work in, (6) 304. 

Norwegian topknot. See Topknot, Nor- 
wegian. 
Notes and memoranda, (8) 351. 
Nothria tuhicola, (15) 159. 
Noiodelphys agilis, (6) 238 ; (7) 326 ; (15) 

148. 

aUmanni, (6) 238 ; (15) 148. 

prasina, (15) 148; (18) 386. 

Notodromaa mcmacha^ (9) 276, 282. 
Notodelphys ccerulea, (7) 326. 
Notopttrophorus papUiOy (15) 148. 
Notoaema, (18) 356. 
Nucula nitida, (15) 125. 

nucleu8, (16) 125. 

milccUa, (15) 125. 

tenuis, (15) 125 ; (20) 503. 

Nudibranchiata, (8) 331 ; (15) 116. 
Numerical variations of fish at dififerent 

seasons, (6) 36. 
Nummulinidffi, (7) 311 ; (8) 317 ; (15) 167. 
Nurse hound. See Dog-fish, larger 

spotted. 
Nutritive value of fresh fish, (5) 221. 
— value of pale and dark muscles of 

fish, (5) 225. 
Nyctiphanes, (6) 226, 227, 229, 262 ; (10) 

267 ; (20) 494. 
mrvegica, (4) 157 ; (6) 254, 255 ; (7) 

324 ; (8) 330 ; (15) 132 ; (17) 113j 268 ; 

(20) 510. 
as herring-food, (4) 123. 







Observations made at trawling stations 
(14) 133. 

^-^ on the life-histories and develop- 
ment of the food and other fishes, (9) 
14, 317. 

Octoboihrivm aloscf, (19) 145. 

tsmarhii, (19) 147. 

harengi, (19) 145. 

lanceaiatum, (19) 145. 

merlangiy (13) 172; (19) 146. 

paitnattim, (19) 149. 

scombri, (19) 146. 

Octocotyle Juirengi, (19) 145. 

scombri, (19) 146. 



Octocotyle trtincata, (19) 146. 
Octodactylus inhcerens, (19) 149. 
Octopus vulgaris, (15) 114 ; (20) 534. 
Octostoma merlangi, (19) 146. 

scombri, (19) 146. 

Odostomia acuta, (15) 121. 

conspicua, (15) 121. 

joa//»da, (15) 121. 

umbUicaris, (15) 121. 

— unidentata, (15) 121. 
(Ediceros norvegicus, (7) 320. 

parvimanus, (10) 263. 

Ofi&hore fishing grounds, investigations 

of, (9) 21, 388. 

waters, spawning of fish in, (7) 183. 

work, importance of, (14) 8. 

Oidium morrhuce, (6) 205. 

OiJkopleura cophocerca, (6) 279 ; (15) 114. 

flaheUum, (15) 114. 

Oil-globules, formation of, in eggs of 

fishes, (16) 97. 
Oithona setiger, (9) 301 ; (20) 454. 
similis, (15) 148, 305, 306, 307, 308, 

309, 310, 311, 315; (16) 177, 190, 

210. 
spinifroiis, (4) 150; (6) 238; (20) 

504. 

spinirostris, (6) 238 ; (9) 301. 

Old- wife. See Cantharus lineatus. 
Olsen, Mr 0. T., (8) 369 ; (9) 177, 389. 
Ommastrephes, sp., (3) 67. 

todarus, (6) 264. 

Onchocotyle appendicukUa, (19) 149. 
Onddium cdticum, (15) 117. 
Oncopterin», (18) 360. 
One-spotted topknot. See Topknot, one- 
spotted. 
Omscus arenaritts, (10) 364. 
Onoba striata, (15) 120. 
Onos, See Rockling. 
Opah. See King-fiiui. 
Operculina ammonoides, (8) 317 ; (15) 

167. 

incerta, (7) 314» 

Opercular bones of fishes, lines of growth 

in, (23) 129. 
Opkiactis ballii, (15) 163 ; (20) 312, 319. 
C^hiocamptus brevipes, (13) 249. 

sarsi, (13) 188, 244, 249. 

Ophiocoma minuta, [15) 163. 

nigra, (15) 162 ; (20) 312, 319, 324. 

punctata, (20) 314. 

Ophioglvpha albida, (6) 230. 
Opkiopholis acuUata, (6) 230, (15) 162 ; 

(20) 312, 319, 324. 
Ophiothrix fragUis, (15) 162; (20) 313, 

319,324. 

pentaphyllum, (6) 230. 

Ophiura affinis, (15) 161. 

albida, (15) 161 ; (20) 314, 319, 324, 

327. 
cUiaris, (15) 161 ; (20)313, 314, 319, 

324. 

robusta, (20) 314, 319. 324. 

Ordlien aseUinus, (18) 163. 

Orbiculina universa, (20) 610. 

Orbisfoliacea, (7) 311. 

Orbulina universa, (7) 315 ; (15) 167. 

Orchestia gammarellus, (6) 246. 

liUorea, (6) 246 ; (15) 137 ; (17) 264. 
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Orchestia mediUrranea, (17) 264. 
Orchomene hatti, (12) 202 ; (15) 137. 

hwmUis, (19) 268. 

serrata, (6) 246 ; (7) 327. 

OrchomeneUa minula^ (15) 137. 

nana, (20) 516. 

Orcynus thynnus. See Tunny, short- 

finned. 
Organisms ' present in "red" ood, (6) 

204,207. 
Orkney, fishing grounds off, (9) 182. 

larval fishes of, (13) 269. 

pelade eggs of fishes at, (13) 269. 

Orthagortscus mola. See Son-fish. 
Osmerus eperlanns. See Smelt. 
Osseous nshes, development of ovary 

and oviduct of, (6) 281. 
significance of the yolk in the 

eggs of, (6) 280. 
Ostracoda as herring-food, (4) 126. 
of lochs and inland waters. See 

Fauna, invertebrate. 
Oetrea edtUis, (15) 123. 
Otoliths of ood, lines of growth in, (23) 

128. 
of fishes, lines of growth iiu (23) 

126, 128. 
of herring, lines of growth in, (23) 

127. 
of plaice, lines of growth in, (23) 

128. 
Otter-trawl, efficiency of, compared with 

beam-trawl, (20) 118 ; (21) .m 
escape of small fishes from, (20) 

327. 

extent of bottom swept by, (20) 122. 

influence of introduction of, (20) 

84. 

introduction of, (20) 118. 

relative proportion of flat fishes and 

round fishes caught by, (20) 123. 
—' — statistics of catches with, compared 

with beam-trawl, (20) 123. 
width and height of mouth of, when 

fisMiu;, (20) 121. 
Ova. iSee Eggs. 

Ovarian eggs of teleostean fishes, matura- 
tion of, (16) 88. 
fluid, nature and composition of, in 

teleosteans, (16) 149. 

speicifio gravity of, (16) 138. 

Ovaries of teleostean fishes, (16) 92. 

of teleostean fishes, fluid of, (16) 93. 

Ovary and oviduct in osseous fishes, 

development of, (6) 281. 
Over-fishing and its remedies, (11) 12. 

how to deal with it, (10) 188. 

of the sea and sea-fijsh culture, (10) 

5, 171. 
Oxyethira, sp., (14) 243. 
Oyster.beds of Firth of Forth, (14) 13, 

244 ; (15) 14. 
of Forth, cause of exhaustion of, 

(14)262. 
comparison of, with productive 

beds, (14) 273. 

condition of, (14) 265. 

investigation of, (14) 265. 

reme<Ual measures proposed, 

(14) 275. 



Oyster-beds, statistics regarding, (14) 
261,262. 

temperature and salinity of 

water on, (14) 271. 

Oyster-culture, (12) 387. 

in France and Holland, (8) 220. 

in Holland, (9) 415. 

in United States, (9) 402. 

in ZeiJand, investigation of, (6) 

306. 

suitability of Scottish waters for, 

(9)184. 

Oyster fishery, decline of Irish, (6) 300. 

in (Canada, (9) 397. 

in Denmark, (7) 406. 

in New South Wales, (9) 399. 

in New 25ealand, (9) 400. 

research on worm disease in Austra- 
lian, (9) 400. 

Oysters, (8) 17. 

exported from Holland, (13) 341. 



Pachydemna crasmteHoideSf (7) 341. 
Pagellus cenirodonius. See Bream, com- 
mon sea-. 
Pagrue auratue, spawning period of, (4) 

244. 
Pagurus bemhardus, (6) 230, 236, 258 ; 

(11) 202, 206. 

forbesii, (6) 258. 

hyndmanni, (6) 258. 

• tovw, (6) 258. 

thomsoni, (6) 258. 

vlidianusy (6) 258. 

PaUxmon squilla, (6) 261. 

PcUinuruSy spawning period of, (6) 299. 

vulgaris, (7) 385 ; (15) 131. 

Palmipes membranacea, (8) 332. 

placffUa, (20) 309, 319, 324. 

Pandalina brevirostris, (19) 279 ; (20) 

601, 516. 
ParidaluSf spawning period of, (6) 299. 

annulicomisy (6) 261. 

hreviroetris, (6) 261 ; (16) 132 ; (16) 

166, 167, 209. 

marginata, (18) 403. 

maiUagui, (15) 132 ; (16) 166, 157, 

209 ; (17) 266 ; (18) 403 ; (20) 480, 489, 

491, 500, &c. 
Pandarus bicolor, (18) 167. 
ParUhalis cerstedi, (16) 273. 
Paracalanu8 hibemicus, (9) 300; (15) 

147 ; (17) 271. 
parvus, (12) 235 ; (15) 307, 308, 310. 

311,312; (17)248; (18)383. 
Paracyprts polita, (15) 142. 
Paradoxostoma abhrevia^um, (6) 245. 

affine, (8) 325 ; (15) 145. 

arcuatum, (8) 324, 325. 

erm/orme, (6) 246 ; (16) 264. 

Jischeri, (8) 324. 

fiexuosum, (6) 246 ; (15) 145. 

hibemicum, (8) 324. 

hodgei, (8) 325 ; (16) 145. 

obliquum, (6) 328; (8) 324; (16) 

264. 

normafUf (16) 264. 

pulchellumy (16) 145. 
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Parcuioxostoma aa/nuensef (8) 324. 

variabUe, (8) 324; (16) 145; (20) 

492, 511. 
Paraja89a pelagica, (19) 265, 271 ; (20) 

507, 619. 
Paralichlkva, (18) 352, 356. 

mactUomu, (18) 366. 

Paramesochra dvbia, (10) 252. 
Paramisophria duLhas, (15) 147; (18) 

385 ; (19) 239. 
ParamphithoS aaeimilis. (12) 264. 

bicuspis, (6) 246. 

fucicola, (6) 247. 

monocuspia, (12) 264 ; (19) 262 ; (20) 

491, 501, 510, 527. 
Paramuna hilobcUa, (16)262; (17) 266; 

(19)236,272; (20)510. 
PararUheaahis dvbius, (21) 130. 
Parapontdlabrevicomis, (4) 149 ; (6) 238 ; 

(16) 147 ; (16) 177, 189, 210 ; (17) 252 ; 

(21) 113. 
Parartotrogue rkhardi, (11) 210, 211; 

(18) 401. 

Parasites, orustaoean, of fishes, (18) 144 ; 

(19)120; (20)288. 
of fishes, (19) 120; (20) 288; (22) 

275 ; (23) 108. 

of aUis shad, (19) 145. 

of angel-fish, (20) 295 ; (22) 277. 

of angler, (18) 167, 181 ; (19) 138. 

of armed bullhead, (18) 162 ; (19) 

141. 
of ballan wrasse, (19) 139; (23) 109, 

116. 

of bass, (23) 109, 117. 

of bib, (19) 141 ; (22) 277, 278 ; (23) 

108, 113. 

of black goby, (19) 138. 

of brill, (18) 154 ; (19) 141. 

of Calanusjtnmarchicua, (15) 172. 

of catfish, (18) 176 ; (19) 140. 

of ooal-fish, (18) 180, 

of cod, (18) 180, 181 ; (19) 121, 149 ; 

(23) 108. 

of common dab, (18) 150, 167. 

of common trout, (19) 1312. 

of conger, (18) 160, 180 ; (19) 127. 

copepwi, of fishes, (18) 145, 179 ; 

(19) 121. 

of Crustacea, (22) 250, 254. 

of cuckoo ray, (18) 170 ; (19) 130. 

of fifteen-spined stickleback, (18) 

141. 
of flounder, (18) 150 ; (19) 121 ; (23) 

108. 
cf four-bearded rockling, (19) 122 ; 

(20) 289. 

of Fuller's ray, (18) 174. 

of grayling, (18) 179. 

of grey gurnard, (19) 147 ; (23) 115, 

116. 
of grey skate, (18) 156, 164, 170, 

171, 1§); (19)130, 151. 

of gunnel, (20) 298. 

of gurnards, (18) 150, 163, 169, 180; 

(91)132, 134; (23)115,116. 
of haddock, (18) 177 ; (19) 121, 135 ; 

(23) 106. 
of hake, (18) 166, 175, 178; (19) 

135, 148. 



Parasites of halibut, (18) 151, 159, 174; 

(19) 126, 140, 142. 

of herring, (19) 145. 

of homelvn ray, (19) 130. 

of Jago^s goldsinny {Ctenolabrua), 

(20)292. 

of John Dory, (18) 167. 

of king-fish, (19) 136. 

of lemon dab, (18) 165, 180. 

of lesser grey mullet, (19) 123. 

of ling, (19) 122, 149 ; (20) 288 ; (23) 

108. 

of lobster, (19) 255. 

of long rough dab, (18) 166. 

of lumpsucker, (19) 121, 128, 129; 

(23) 108. 

of mackerel, (19) 124, 135, 146. 

of MuUer's topknot, (20) 290. 

of Norway pout, (19) 147. 

of picked dog-fish, (20) 297. 

of pike, (19) 139. 

of plaice, (18) 160, 163, 164; (19) 

121 ; (23) 108. 
of pollack, (18) 153 ; (19) 121, 160 ; 

(20) 291 ; (23) 108. 

of porbeagle shark, (18) 156, 171; 

(19) 125, 132 ; ('20) 292 ; (23) 112. 

of red gurnard, (16) 143. 

of SagUtay (14) 16, 165. 

of salmon, (18) 152, 172- 

of sapphirine gurnard, (19) 143; (20) 

299. 

of seascorpion, (19) 138, 139. 

short sun-fish, (18) 151, 157, 169; 

(19) 126, 144. 

of skates, (19) 141. 

of sole, (18) 146, 165 ; (19) 121, 139, 

142 ; (23) 108. 
of speckled goby, (18) 162; (19) 

128. 
of spotted dragonet, (18) 162, 168; 

(19) m ; (20) 298. 

of sprat, (18) 161 ; (19) 127. 

of starry ray, (20) 295, 299. 

of sting-ray, (22) 275, 276, 278. 279. 

of streaked gurnard, (19) 133, 143. 

of striped wrasse, (19) 127 ; (20) 291, 

293. 

of sturgeon, (23) 110. 

of thrasher shark, (19) 125. 

of three-bearded rockling, (20) 289, 

291 ; (23) 110. 
of three-spined stickleback, (18) 

147, 179 ; (19) 122. 
of thomback ray, (18) 156, 171; 

(19) 130, 151 ; (20) 299, 300. 

of tope, (18) 157, 172. 

of torsk, (18)180. 

of turbot, (18) 152, 165; (19) 137, 

143. 

of twaite shad, (18) 176 ; (19) 145. 

of whitmg, (18)178; (19) 121, 146, 

149 ; (23) m. 

of MuUer's topknot, (19) 122. 

on young flat fishes, (16) 242. 

Parasitic copepods, (20) 288. 

larval actiniae on hydromedusse, (6) 

281. 
skin diseaae in Montagu's sucker^ 

(11) 39.3. 
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Parasitic worms on fish, (19) 137. 
Parastephos paUidtiSy (21) 111. 
Paraiachidius gracilis, (6) 239. 
Paratanais bateiy (19) 269. 

J&rcipatua, (6) 261. 

ParcUhalestris dausii, (9) 303. 
ParathemistOy distribution of, in Firth of 

Forth, (16) 173. 

compressa, (10) 266. 

gracUipes, (10) 265; (16) 305, 306, 

309,310,311,316. 
oblivia, (6) 227, 228, 250, 251 ; (10) 

266 ; (16) 170, 171, 173, 179, 210 ; (18) 

401 ; (20) 513, 516, 633. 
Paratylus fakcUus, (14) 160; (20) 627; 

(22) 243, 267. 
moanmerdami, (15)140; (16) 170, 

210 ; (19) 271 : (20) 492, 610, 616, 619. 

unciTuUua, (14) 160 ; (19) 262. 

vediomengis, (16) 140. 

Pardachirus pavoninus, (18) 369. 
Pariambtia typicus, (15) 141 ; (16) 170, 

177, 210 ; (20) 627, 629. 
Park Loch, (Dantyre, invertebrate fauna 

of, (16) 250. 
Parophrys comuta, (18) 363. 
Parthenia interelinctaf )15) 121. 

ru/eacena, (16) 121. 

spiralis, (15) 121. 

Pasiphcea sivado, (15) 132, 162 ; (20) 480. 
Patella vulgata, (16) 122. 

as bait, (7) 362, 366. 

Patellina corrugcUa, (8) 317 ; (15) 167. 
Patholoffy of fishes, notes on, (12) 291. 
Paton, Dr No6l, (12) 297. 
Peachia hastata, (4) 216 ; (6) 279. 
Pearcey, Mr F. G., (17) 248 ; (20) 17, 304. 
Pearl-sides, British {Maurolicua pen- 

nantii), luminous organs of, (6) 281. 
Pecten maximus, (16) 123. 

operctdarisy (16) 124. 

as bait, (7) 362, 356. 

^ See Clam. 

pea-lutroi, (16) 124. 

jmsis, (16) 124. 

simUis, (6) 231 ; (16) 124. 

striatua, (16) 124. 

tiijHmm. (6) 231 ; (16) 124. 

variua, (15) 123 ; (20) 496, 497. 

Pect&naxia hel^ica, (16) 16i8. 

tamoptena, (20) 629. 

Pectoral girdle of fishes, lines of growth 

in, (23) 131. 
Pediastrum aelencea, (9) 282. 
Pediculw aalmonis, (18) 173. 
Pelagic eggs of fishes. See E| 
and larvae f ounc 

shore, (9) 392. 
^^ as guide to spawning seasons, 

(15) 220. 

devoured by Crustacea, (9) 396. 

distribution of, (13) 258 ; (16) 

13, 219. 
— larval, and young food fishes 

coUected by the " Garland," (8) 283 ; 

(9) 334 ; (11) 254 ; (12) 298 ; (13) 268. 
occurrence of, as guide to 

spawnipg areas, (16) 219. 
^_ preservative solutions for, (11) 

263. 



5S, pelagic, 
far from 



Pelagic eggs, report on, (11) 18, 260. 

unknown forms of, (9) 320-321. 



fauna of St. Andrews Bay, (6) 274 ; 

(7) 10, 259 ; (8) 270 ; (11) 17, 284. 
in relation to the food of fishes, 

(6) 281. 
Pelamys aarda. See Bonito, belted. 
Pelonaia corruga>ta, (8) 332. 
Peloaina variabilis, (16) 274. 
Peltidium depreaaum, (4) 153 ; (6) 241. 

interruptum, (4) 153 ; (6) 241. 

purpureum,(5)^2Si (16) 152; (19)250. 

PeltogaaUr carcini, (6) 236. 

paguri, (6) 236 ; (16) 156. 

Peltorhampua, (18) 360. 
Penellajibroaa, (23) 113. 

fioaa, (23) 113. 

orthagoriacua, (23) 113. 

PennatulaJUosa, (23) 113. 

Pennell, Mr Cholmondeley, enquiry on 

Forth oyster-beds by, (14) 268. 
Peracantha truncata, (9) 276, 277, 294 ; 

(11) 234 ; (13) 246, 250 ; (14) 168 ; (15) 

321 ; (17) 141, 146, 160, 165, 173, 185. 
Perch {Perca fluviatilis), spawning period 

of, (4) 244. 
Peridiniea, (16) 213. 
Peridinium, injurious effdcts of shoals of, 

on fish, (9) 400. 

divergens, (16) 298, 302. 

rabulatum, (9) 280. 

Perioculodes longimanus, (15) 139 ; (16) 

170, 177, 210 ; (20) 491, 603, 616, 623. 
Perisaiaa, (18) 357.^ 
Perrierella audouimafuif (16) 137; (19) 

268. 
Pelalomera declivis, (11) 215. 
Petaloaaraia declivisy (16) 167, 209 ; (19) 

236, 274 ; (20) 610 
Petersen, Dr C. G. Joh., (7) 384 ; (8) 21 ; 

(9) 20, 389, 412; (10) 348; (11) 21, 

487, 500 ; (12) 302, 400 ; (13) 16, 340 ; 

(16)226; (17)239. 

on CTowth of plaice, (17) 239. 

Peterseirs net for the capture of young 

fishes, (20) 329. 
Petromyzon fluvicUilia. See Lampem. 

marinua. See Sea-lamprey. 

Pettersson, Professor Otto, (11) 8; (12) 

236 ; (13) 339 ; (18) 374. 
Phoinna zetlandica, (20) 449, 463. 
Phascolosoma atrombi, (16) 160. 
Phasianella atyli/era, (7) 324. 
Pheruaa bicuapia, (6) 246. 

fucicola, (6) 247. 

Philim catena, (15) 116. 

pruinoaa, (15) 116. 

2}unctata, (16) 116. 

acabra, (16) 116 ; (20) 510, 627, 629. 

Pkilonudea brenda, (15) 169. 

irUerpuncta, (6) 246 ; (16) 146 ; (20) 

603,611,617. 
Photia hngicaudala, (10) 266 ; (17) 266 ; 

(19)264; (20)611,623. 

tenuicomia, (20) 501, 610. 

Phoxocephalua/uUani, (8) 327 ; (19) 269. 

ho&oUi, (15) 138 ; (20) 610. 

oculatua, (19) 269 ; (20), 477. 

Phoxtta holboUi, (7) 320. 
plumotma, (6) 246. 
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Phrynorhombua unimactdata, 

See Topknot, one-apotted. 

Phryxm abdominaliSy (6) 251 ; (18) 403 ; 

(19) 272 ; (20) 510. 

paguri, (6) 251. 

Phtisica marina, (15) 141 ; (19) 267 ; (20) 

523; (20)511. 
Phycis blenjioides. See Forkbeard, 

croater. 
PhyUocotyU gumardi, (19) 147 ; (23) 115. 
Phyllonella eolece, (19) 142. 
Physa/onivialis, (9) 272, 276 ; (13) 249 ; 

(15)320; (17)139,159,185. 
Physical and chemical changes in eggs of 

teleostean fishes during maturation, 

(16) 135. 

characters of closed areas, (14) 130. 

conditions of water of Firth of 

Forth, (5) 50, 349. 

of Loch Fyne, (15) 262. 

of St. Andrews Bay, (5) 54. 

con^guration of Loch Fvne, (15) 262. 

investigations, (11) 8, 20, 395 ; (13) 

302. 

in Sweden, (13) 339. 

international, (15) 280. 

on board H.M.S. •* Jackal," 

(12)21,337. 
observations, (7) 13, 409, 412 ; (8) 

19 ; (9) 18, 188, 353 ; (10) 7 ; (14) 8. 
chemi<»I condition of water in 

Loch Fyiie, (15)266. 
in connection with the fish- 
eries, (6) 309. 
in Faeroe-Shetland Channel, 

August 1896, (15) 280. 
in Firth of Clyde, 1896,(15) 

94. 

* in Firth of Forth, 1896, (15) 89. 

in Loch Fyne, (15) 262; (17) 

128 130. 

' in Moray Firth, 1896, (15) 91. 

in St. Andrews Bay 1896, (15) 

90. 

report on, (4) 189. 

report on those made on 

H.M.S. ** Research" during August 

1896, (15) 280. 
work done on board H.M.S. 

•' Jackal," July and August 1887, (6) 

359. 
Phjrsiology of fishes, notes on, (12) 291. 
Phyto-plankton collected by H.M.S. 

•« Research," report on, (15) 297. 
Picked dog-fish. See Doe-fish, picked. 
Pike {Esoxluciud), digestibility of, (5)228. 

eggs of, (6) 347. 

parasites of, (19) 139. 

rate of deposition of eggs of, (5) 

349. 

saury (Scomberesox saurus), (18)287. 

spawning of, (5) 347. 

spawning period of, (4) 252. 

Pilchard {aupea pUchardfis), (10) 14, 

161. 

development of, (12) 386. 

from Morav Firth, (22) 284. 

skeleton of, (6) 289. 

spawninff period of, (4) 253. 

See alw Sardine. 



PUidiumJulvum, (15) 122. 

Pinnotheres pisum, (6) 230, 257. 

Pumocypris vidua, (15) 321, -326 ; (16) 
252 ; (17) 140, 155, 164, 167, 183. 

Pipe-fish, broad-nosed {Siphonostoma 
typhIe)A^5) 113; (18)288. 

deep-nosed. See Pipe-fish, broad- 
nosed. 

great (Syngnathus acu8), (15) 113; 

(18)288; (23)157. 

fecundity 6f, (9) 268. 

food of, (20) 487, 534. 

straight-nosed [Nerophia (nquoreus), 

(15) 113 ; (18) 289. 
food of, (20) 487, 534. 

worm {Nerophis lumbrid/omiis). 

(15)113; (18)289. 
Pipe-fishes, development of eggs of, (13) 

Piscicola scorpii, (19) 139. 

Pisidium amnicum, (8) 336. 

/(mtiiuUey (8) 336, 338 ; (9) 271, 276, 

284, 285 ; (13) 244 ; 17) 139, 185. 
nUidwn, (8) 336, 3%, 340 ; (9) 271, 

276, 284 ; (13) 188, 244 ; (17) 139, 159, 

185. 
pusiUum, (8) 336, 337, 338, 339, 340; 

(9)271,276, 281, 283, 284; (12) 285; 

(13) 188, 244, 249 ; (14) 168, 239 ; (15) 

320, 332; (16)259; (17) 165, 159, 185. 

rosetim, (8) 341 ; (9) 288 ; (15) 320. 

Place of fishing of Aberdeen trawlers in 

1901 and 190S, (21) 38. 
of fishing, necessity of ascertaining, 

for statistics, (21)38. 
PlacopsUina bulla, (19) 236, 257. 
Plagueia marmorcUa, (18) 359. 
Plaice (Pleuronectes platessa), (18) 286, 

abnormal specimen of, (10) 298. 

age of, (20) 357. 

age of, at maturity, (20), 359, 

360. 

age-groups of, (17) 238. 

albino, (22) 286 ; (23) 251. 

classification of, (18) 353. 

conditions affecting abundance of 

small, on beaches, (17) 233. 
date of settling of young, on beach, 

(16) 241. 

decrease of, (14) 12, 146. 

development of, (9) 14, 311 ; (10) 7 ; 

(11) 18, 274. 

of post-larv» of, (15) 179. 

diagnostic characters of young, (16) 

228. 
difficulty of distinguishing immature 

from spent, (18) 192. 

distribution of, (21) 21, 24, 26. 

of immature, (14) 148. 

of, near shore, (20) 347. 

of postkrviB of, (16) 238, 240. 

of, regular, according to depth 

and size, (8) 166. 
of, vertical, according to size, 

(17) 242. 

of young and adult, (21) 40. 

duration of pelagic stage in, (20) 339. 

eggs of, (7) 303; (8) 284; (16) 91, 

114,Tl6 ; (17) 82, 83, 84, 93, 96, 103, 

10& 
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Plaice, eg^ of, .change of volume daring 
loaturation, (16) 141. 

eggs, distribution of, (16) 229. 

distribation of, in Firth of 

Clyde, (16) 248. 

retention of, by female, (18)330. 

size of intraovarian, in small, 

(20)356. 

embryo of, (16) 216. 

fecundity of, (9) 263. 

food of, (7) 223, 231, 236, 237, 238, 

239, 241, 252; (8) 230, 232, 245, 249, 
260, 251, 252, 253, 256. 266 ; (9) 222, 
233, 236, 237, 239, 240, 241 ; (10) 212, 
217, 219, 229 ; (20) 306, 487, &c. 

food of po8t.larv8B, (15) 180; (16) 

224. 

food of smaU. (20) 524. 

growth, rate of, (11) 192 ; (13) 289 ; 

(17) 232 ; (20) 334, 337 ; (23) 125, 133. 

growth of, in Solway Firth, (20) 346. 

growth of, on East C!oast, (20) 347. 

growth, comparative, at Dunbar 

and in Denmark, (17) 246. 

growth, comparative, of females 

and males, (20) 356. 

growth of small, arrested in winter, 

(20)342. 

hatchinflr of eggs of, (12) 10 ; (13) 

9, 123; (li) 162; (16) 220; (17) 205; 
(18)330; (21) 180; (22)262. 

immature, abundance of, in shallow 

water, (22) 28. 

non-migratory, (8) 168. 

at Grimsby, (12) 386. 

landed at Grimsby, (13) 332. 

large hauls of, (20) 107. 

larva of, (12) 168, 216. 

larval and post-larval stages of, (16) 

176. 

lines of growth in otiliths of, (23) 

126, 133. 

in scales of, (23) 126. 

mature and immature, (8) 166. 

maturity, minimum size at, (8) 161, 

162, 163. 

maturity, average size at, (18) 190 ; 

(22) 166. 

maturity, average size at, in north- 
em North Sea, (18) 199. 

- — maturity, average size at, in North 
Sea, Kattegat, and Baltic, (18) 199. 

maturity, average size at, in south- 
em North Sea, (18) 197. 

maturity, size at, (10) 238 ; (20) 367. 

maturity, size at, in dififerent regions, 

(20)368. 

measurements of young, (17) 236. 

migrations of, (7) 406; (11) 179; 

(16)375; (21)40. 

migrations of, experiments on, (9) 

412. 

migrations of, extent of, (21) 42. 

migrations of, in relation to matur- 
ity, (8) 168. 

movement of, in inshore waters, (11) 

. 16, 186. 

--— movement, rate of, (21) 42. 

multiple tumours in, (3) 66 ; (4) 214. 

mutilated specimen of, (21) 229. 



Plaice on Fisher Bank, (21) 41. 

parasites of, (18) 150, 163, 164; (19) 

121 ; (23) 108. 

peculiarly coloured, (13) 234. 

percentage of marked, recovered, 

(16)376. 
period of greatest growth of, (17) 

239. 

post-larval stages of, (16) 226, 228. 

proportion of males to females, (8) 

348, 349 ; (20) 367. 
proportion of immature, landed by 

trawlers, (22) 18. 
quantity of small, taken in shallow 

water by otter-trawl, (22) 28. 
rearing of post-larval, (16) 14; (16) 

223. 
relation of distribution of, to depth 

of water, (20) 347, 362. 
relation of length to weight, (22) 

144, 146, 206, 240. 
relation of spawning period of, to 

temperature, (16) 248. 
relation of temperature to growth of, 

(20)342. 
relation of temperature to spawning 

of, (20) 344. 
reversed action of gill-oover in, (22) 

287. 

sexual proportions of, (10) 239. 

size ana age of, at maturity, (17) 246. 

size-limit between mature and im- 
mature, (22) 18. 
size-limits, various, proposed, (18) 

190. 
size of, on deep-water grounds, (21) 

41. 
sizes, maximum, of maleand females, 

(20) 367. 

sizes of, (14) 143. 

small, diflBculty of preserving, alive 

on trawlers, (20) 107. 
spawning of, influence of change of 

temperature on, in confinement, (20) 

441. 
spawning grounds of, (8) 269 ; (16) 

230; (23)20. 
spawning period ot, (4) 260 ; (7) 

171, 187 ; (8) 260 ; (10) 234 ; (16) 230 ; 

(17) 97 ; (20) 338. 
spawning period, duration of, in 

large tank at hatchery, (22) 262. 
special distribution of young, on 

beach, (17)236. 
stage at which larvse begin feeding, 

(16) 2^. 

tenacity of life in, (23) 252. 

variability of, (18) 201. 

varieties of, (20) 336. 

young, caught in bag-net fishing, 

(23) 167. 
Plankton in fresh-water lochs, distriba- 
tion of, (17) 133. 

of Forth, (16)166. 

method of collecting, (16) 212. 

notes on animal, collected by H. M. S. 

" Research," (15) 305. 

plant, (15) 212. 

didymus-, characters of, (16) 302. 

phyto-, report on, (16) 297. 
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Plankton, sira-, characters of, (15) 302. 

Btyli-, (15) 303. 

tncho-, characters of, (15) 302. 

tripos-, characters of, (15) 302. 

Planarbia albus, (8) 336 ; (9) 271, 276, 
281, 285 ; (13) 249 ; (15) 320, 331, 332; 

(16) 251 ; (17) 139, 155, 159, 185. 
(xnUorim, (8) 336, 341 ; (9) 271, 276, 

281, 284, 285 ; (13) 249 ; (15) 320, 330, 

332 ; (17) 155, 159, 185. 
glaber, (13) 244 ; (15) 330, 332 ; (17) 

139, 185. 
nautUeus, (9) 271, 276, 288; (13) 

188, 244 ; (14) 239 ; (15) 320, 332 ; (16) 

251, 257, 259 ; (17) 159, 185. 

var. cristata, (13) 244. 

nitiduB, (9) 284 ; (13) 249 ; (16) 320 

(17) 139, 159, 185. 

apirorbis, (8) 339 ; (9) 283, 284. 

vortex, (9) 285. 

PUmarbulina mediterranmsUf (15) 167. 
Platichthya slellatus, (18) 353. 
PUUophrySy (18) 357. 

latema. See Scald-fish. 

PlatyhdeUa aoUce, (19) 139. 
PkUycJielipus lUtoralis, (11) 203, 205; 

(15) 317. 
Platypsyllua minor, (20) 449, 455. 
Platywmalichthys hippogloaaoides, (18) 

352. 
Playfair, Sir Lyon, (10) 173. 
PUctanoeoiyle lorenzii, (23) 1 16. 
PUonexea gammarodes, (15) 141. 
Pleurobranchue plumula, (15) 116. 
Pleurogonium inerme, (17) 266 ; (19) 236, 

272. 

rubicHnduniy (17) 266. 

i^nosissimum (17) 256 ; (19) 272. 

Pleuromma armatunif (15) 147. 
Pleuronectes cynoglosstis. See Witch. 

flesus. See Flounder, 

Umanda. See Dab, common. 

meg<istoma. See Me^im. 

microcephalus. See Dab, lemon. 

platesea. See Plaice. 

Pleuronectid, B., eggs and larvee of, (9) 

319. 
Pleuronectidse, (18) 351, 352 ; and see 

Flat-fishes. 
Pleuronectids, poet-larral forms, (7) 

306. 

remarks on ^onng, (10) 274. 

young, specimens of, (11) 246. 

Pleuronectinra, (18) 351, 352, 353, 358. 
Pleuronichthys, (18) 353. 
PUwropkyUidia loveni, (7) 325. 
Pleurosigma acuminatum, (9) 274. 

spencerii, (9) 274. 

Pleuroioma eepkangularis, (20) 522. 

trevelyana, (20) 522. 

turricda, (20) 522. 

PleuroxuB hamahie, (9) 294. 

hastatus, (9) 294. 

IcBvis, (9) 277, 294; (13) 250; (15) 

321. 
trigoneUua, (9) 273, 277, 283, 294 ; 

(12) 286 ; (13) 245, 250 ; (14) 168 ; (15) 

321, 331, 333; (17) 140, 150, 155, 185, 

ftc. 
truncala, (9) 294. 



Pleuroxus uncinalu8i (9) 273, 275, 277, 

294; (13) 250; (15) 321; (17) 140, 

160, 164, 185. 
Pcscilopaetta, (18) 361. 
Podaliriu8 typicm, (6) 250, 274. 
Podoceropais excavata^ (15) 141 ; (20) 501. 

rimapcUma, (6) 248. 

aophio', (6) 248 ; (15) 141. 

Podocerua captlkUua, (6) 249. 

cumbrenaia, (16) 262. 

falcatua, (6) 249. 

Herdmani, (14) 161 ; (16) 262. 

palmatua, (17) 266. 

pelagicua, (6) 249. 

ptdcheUua, (6) 249. 

puaMua, (14) 161 ; (15) 141 ; (17)265. 

Podon intermedins, (15) 142, 305, 306, 

307, 308, 310, 311, 315 ; (20) 476. 

leuckartii, (20) 476, 532, 533. 

attacking post-larval fish, (22) 

279. 
polyphemoidea, (9) 308; (15) 142; 

(16) 210 ; (20) 476, 477. 
Podopaia alabberi, (6) 254. 
Po|;g©' See Armed bullhead. 
Poisoning by raw fish, (7) 408. 
Pole-dab. See Witch. 
Pollan {Coregonua poUan), spawning 

period of, (4) 252. 
Pollack {Oadua pollachiua), (18) 283. 
anatomical differences from cod and 

coal-fish, (20) 250. 
comparison between, and cod and 

coal-fish, (20) 228, 244. 

development of, (14) 171. 

distribution of, (21) 60. 

eggs of, (10) 288 ; (14) 171 ; (17) 82, 

83 93 96. 
'food of, (7) 240 ; (8) 251 ; (19) 267 ; 

(20) 517. 

habits of young of, (4) 209. 

hatched in United States, (13) 337. 

in Loch Fyne» (4) 233 ; (15) 111. 

migration of, (21) 61. 

osteology of, (20) 228, 251. 

parasites of, (18) 153 ; (19) 121, 150 ; 

(20) 291 ; (23) 108. 
proportion of males to females, (8) 

349. 
quantities landed by trawlers, (21) 

61. 
spawning period of, (4) 248 ; (7) 

194 ; (8) 268 ; (11) 246 ; (17) 99 ; (20) 

251; (21)61. 

specific description of, (20) 248. 

Polycarpa ruatica, (15) 114. 
Polycera quadrilineata, (15) 116. 
Pofycirrua aurantiacua, (15) 158. 
Polycope compreaaa, (7) 318, 319. 

orhicularia, (7)319 ;(8) 325; (15) 145. 

punctata, (15) 145. 

PolydUyra, (4) 217. 

{Leucodore) eiliata, (9) 400. 

Polymnia naaidenaia, (15) 158. 

nebuloaa, (15) 158. 

Polymorphina compreaaa^ (8) 316 ; (16) 

277. 

gibba, (7) 315 ; (15) 167. 

lactea, (7) 315 ; (15) 166. 

lanceolata, (16> 277. 
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Polymorphina oblanga, (7) 315 ; (16) 277. 

rotundata, (15) 167. 

Bororia, (16) 277. 

tubulosa, (16) 167. 

Polynoe squamata, (15) 160. 
Polyphemus oculu8, (9) 295 ; (11) 234. 
pediculu8, (9) 273, 277, 280, 296; 

(11) 234 ; (12) 286 ; (13) 188, 246, 250 ; 

(14) 168 ; (15) 333 ; (16)252, 260 ; (17) 

138, 140, 144, 145, 185, Ac 
Polyprian americanus. See Stone basse. 

cemiuTn, See Stone basse. 

Polyatoma appendiculatum, (19) 151. 
Polystomella crispoy (7) 315 ; (16) 167. 

stricUo-puTiclcUa, (15) 167. 

umbUicatuUi, (9) 288. 

PonteUa breiHcamis, (17) 262. 

iDoUasUnU, (17) 251; (18)385; (21) 

113. 
Pantobdella muriccUa, (19) 141. 
PatUocrates altamarinus, (6) 246 ; (16) 

139 ; (20) 491, 492, 510, 529. 

arenarius, (20) 5J6, 623, 525. 

haplocheles, (10) 263. 

norve^icus, (7) 320. 

Pontoq/pns acupunetaUit (8) 320. 

myiitowi€«, (7) 316 ; (16)142. 

tAgonella, (8) 321 ; (15) 142. 

Panlophilus apinosus, (15) 131 ; (19) 278. 
P(mt(^ites typicus, (12) 251 ; (15) 151. 
Poor-ood {Oadus mmutua), (18) 282. 
eggs and larv» of, (11) 239; (17) 

82, Sf, 84, 94, 96. 

in Loch Fyne, (4) 232 ; (16) 111. 

peculiar example of, (11) 241. 

question of specific distinction from 

bib or whitingpout, (4) 208. 

spawning period of, (17) 98. 

PoraniapulvUlm, (15) 161 ; (20) 309, 319, 

324. 
Porbeagle. See Shark, porbeagle. 
Parceflana longicamia, (6) 268 ; (15) 130 ; 

(16) 198 ; (20) 489. 

pUUycheles, (6) 257. 

PorceUidwunfascicUum, (10) 258. 

fimbriatum, (4) 153; (6) 242; (9) 

304; (15) 153. 
PortUa compressay (15) 166. 
Porpoise, food of, (21) 226. 
Porpoises, damage to fisheries by, (7) 394. 
Portugal as a market for Scottish-cured 

herrings, (7) 163. 
Portumnus kuipesy (6) 257. 

variegatus, (6) 257. 

Portunu8 arcuatuSf (19) 280. 

d^uratar, (6) 256 ; (15) 130. 

holscUu8, (6) 256 ; (20)489, 507, 511, 

536,537. 

marmoreua, (6) 256 ; (15) 130. 

puber, (6) 266 ; (16) 130 ; (19) 279. 

pusiUua, (6) 256, 266 ; (16) 130 ; (20) 

607, 626. 
Post-larval fish attacked by Podon, (22) 

279. 
fishes, distribution of, in Moray 

Firth, (16) 267. 
forms of food-fishes, (6) 269 ; (7) 

306; (14)223. 
^-^ and young fishes, nets for the 

capture of, (20) 328. 



Post-larval plaice, rearing of, (15) 14. 

Potamocypns fulva, (5) 328 ; (9) 272, 
276, 282, 284, 286, 288 ; (13) 245 ; (15) 
321, 330, 333 ; (16) 252 ; (17) 160, 183, 
194. 

Potter, Mr M.C., (8)361. 

Pouchet, Professor G., (7) 389; (8) 21, 
373 ; (9) 19, 389 ; (10) 160, &c. 

Pout, Norway (Oadus esmarkii), (18)282. 

abundance of, in northern part of 

North Sea, (19)282. 

abundance of, on deep-water 

grounds, (19) 64 ; (21) 20, 26, 30, 36. 

age of, (19) 166. 

as food for other fishes, (19) 

166. 

cysts in eye of Clyde speci- 
mens of, (19) 284. 

distribution of, in North Sea, 

(19) 282, 283. 

food of, (20) 486. 511; (21) 

221. 
growth of, (19) 154, 166 ; (22) 

195. 

maximum sizes of, (19) 166. 

occurrence of, on East C!oast, 

(20)539. 

parasites of, (19) 147. 

relation of length to weight, 

(22) 234. 
reproductive organs of, (22) 

200. 
size of, at first-maturity, (19) 

164. 

spawning period of, (19) 164. 

silvery {Gadu8 (Oadiculus) argen- 

tens), (19) 284. 
occurrence of, at Aberdeen, (4) 

210 ; (20) 640. 
Pranizay (16) 242. 
Praunus flexuosus, (16) 158, 162, 209 ; 

(20) 492, 607. 
inermis, (15) 133; (16) 158, 

209 ; (18) 403 ; (20) 493, 616, 526. 

neglectus, (16) 133. 

Preservation of fish, (6) 289. 
Priapulus caudatus, (8) 332. 
Prince, Professor E. E., (4) 211 ; 

280 ; (8) 8 ; (9) 15, 318, 343, 349 ; 

275,323; (13)147. 
Prince Albert of Monaco. See Monaco. 
Pristiurus mdanostomvs. See Dog-fish, 

black-mouthed. 
Productiveness of fishing grounds, 

method of ascertaining, (21) 38. 
Proportion of fish caught in a given area, 

(14) 146. 
Proportional numbers and sizes of the 

sexes among sea-fishes, (8) 348. 
Protective resemblance in young lump- 
suckers, (11)390. 
ProUUa phaama, (6) 250; (16) 263; (18) 

402; (19)267; (20)501. 
Proteonifia fuai/ormis, (8) 314. 

pseudO'eptralis, (7) 313. 

Proto goodsiri, (6) 260. 

pedcUa, (6) 260 ; (20) 492. 

verUricoM, (6) 260. 

Protomedeiafasciata, (6) 248 ; (20) 479, 

491, 603, 517, 620, 623. 
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ProtometUia hirsuHmanaf ^6) 246. 
Psammobia ferromsis, (15) 127. 

teUineUa, (6) 231. 

Psamtnodiscus ocellatus, (18) 357. 
Psammosphcera/usca, (8) 314 ; (19) 236, 

257. 
PaettinsB, (18) 351. 
PseUichthya melanosticus, (18) 352. 
Pseltodes, (18) 354, 356. 

erumei, (18) 356. 

Pseudanthessius gracilis, (12) 260. 

liber, (12) 258 ; (15) 154 ; (20) 470. 

sauvagei, (12) 260. 

thoreUii, (12) 269 ; (18) 399. 

Pseudione affinis, (17) 266 ; (18) 403. 

crtnuUUa, (17) 266. 

hyndmanni, (16) 136. 

Paeudocalantis as herring-food, (4) 125. 
armatw, {15) 146; (16) 264; (17) 

248 ; (20) 451. 
elongcUus, (4) 148; (6) 237; (10) 

246 ; (15) 146, 305, 306, &c. ; (16) 177, 

188. 210 ; (20) 450, 494, 503, &c. 
PseudocaliguB brevipedis, (20) 291 ; (23) 

110. 
Pseudocuma bislricUa, (4) 165. 
cercaria, (4) 165 ; (6)263 ; (15) 134 ; 

(16) 167, 209 ; (19) 236 ; (20) 491, 603, 

510, 513, &c. 

pu/cA€//a, (20)480. 

similis, (19) 274; (20) 480; (22) 

243,258. 
Pseudocyclopia caudata, (12) 236; (16) 

267 ; (20) 461. 

cras9iaymi8, (10) 246 ; (16) 267. 

giesbrechti, (23) 141. 

minor, (10) 247. 

Pseudocyclope cramrtmis, (12) 237. 
obtwatus, (8) 317; (20) 454; (21) 

112. 
Pseudocythere caudata, (7) 319; (15) 

145. 
Pseudolfwphontt acuUata, (18) 393. 

fipinosa, (18) 393. 

Pseudonusochra lojigi/vrccUa, (10) 449, 

462. 
Pmudophcenna typica, (21) 112. 
P8eudop»yllu8 ekmgatuA, (20) 449, 471 ; 

(21) 130. 
P8eudorhombu8, (18) 354, 356. 

russeUii, (18) 356. 

Pseudosiriella frontalis, (4) 163. 
Pseudotachidius coronatus, (16) 267 ; (17) 

256; (20)461. 
Pseudotanais Jorcipalus, (6) 251 ; ^9) 

270. 
Pseudofhalestris major, (13) 170; (19) 

260. 

pygmasa, (13)170. 

Paeudowestwoodia andrewi, (12) 267. 
Psolus phantapus, (15) 162; (20) 307, 

319, 324. 

ohanffe of colour in, (4) 216. 

Psyllocamptusfairliensis, (17) 254. 
PterinopsyUus insignis, (12) 238; (19) 

240; (20)461. 
PterocotyU morrhuce, (19) 149. 

palmata, (19) 149. 

Pterygoeera arenaria, (10) 264. 
Plilocheirus hirmUimanus, (6) 248. 



Puffin Island Biologioal Station, work of, 

(7)387. 
PtUvintUina auricula, (16) 277. 
Puncturella noachina, (15) 122. 
Purpura lapiUus, (7) 337 ; (15) 118. 
Pyrophacus horologium, (15) 298, 302. 

Q 

Quinqudocviina agglutinans, (7) 313. 

bicomis, (7) 313. 

ferussacii, (7) 313. 

secans, (7) 313. 



R 



Racb-vakiabilitt, (18) 220. 

Races of herring, (5), 296 ; (17) 276. 

Rae, Dr J., (9)269. 

Raeffele on the eggs of fishes in relation 

to trawlinff, (7) 401. 
Raia, Set Skate,^ ray. 

ba4,i8. Su Skate, grey. 

blanda, (13) 332. 

circtdaris. See Ray, cuckoo. 

clavata. See Ray, thomback. 

fullonica. See lUy, Fuller's. 

macrorhynchus, /$ee Skate, flapper. 

maculata. See Ray, homelyn. 

oxyrhynchus. See Long or sharp- 
nosed skate. 

mdiata. See Ray, starry. 

Raniceps raninus. See Forkbeiard, lesser. 

trijurcatus. See Forkbeard, lesser. 

Rate of growth of fishes. See Growth. 

of movement of plaice, (21) 42. 

Ramuluria, (18) 356. 

Ray, cuckoo {Raia circularis), (6) 277 ; 

(16)113; (18) 293. 

food of, (20) 636 ; (21) 224. 

parasites of, (18) 170 ; (19) 130. 

proportion of sexes in, (21) 

230. 

electric. See Torpedo. 

Fuller's {Raia fullonica), (6) 277 ; 

(18)292. 

abnormal specimen of, (4) 210. 

food of, (20) 535. 

parasite of, (18) 174. 

proportion of sexes in, (21)230. 

homelyn {Raia maculata), (16) 113 ; 

(18) 293. 

parasites of, (19) 130. 

sandy. See RaY) cuckoo. 

shagreen. See Ray, Fuller's. 

spotted. See Ray, homelyn. 

starry {Raia rad%€Ua), (6) 278. 

food of, (20) 487, 636» 

growth of, (21) 231. 

parasites of, (20) 295, 299. 

proportion of sexes in, (21) 230. 

size at maturity, (10) 2^. 

stinff {Trygon pastiTiaca), from 

Moray Firth, (22) 283. 
parasites of, (22) 276, 276, 278, 

279. 
thomback {Raia clavaia), (15) 113 ; 

(18) 293. 

food of, (20) 487, 635. ^ 

migrations of, (11) 191. 
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Ray, thombaok, parasites of, (18) 156, 

171 ; (19) 130, 150 ; (20) 299. 
proportion of sexes in, (21) 

230 ; (22) 28. 

" purses " of, (4) 212. 

size at maturity, (10) 238. 

Rays, relative number of sexes among, 

(21)236. 

size of males and females, (21)230. 

Rearing fish larv», methods of, (15) 177. 
of larval and post-larval stages of 

the plaice, (15) 175. 
of young food-fishes, experiments 

in. (13) 333. 
Red band fish {Cepola rubeacens), (18) 

280. 
" Red cod," nature of, (6) 10, 204, 207. 

organisms present in, (6) 204, 207. 

Red and pale muscles in fish, (4) 166. 
Regulation of fisheries, (11) 13 ; (18) 140. 
Re^isch, Dr J., (23) 125. 
Relation of size of mesh to the size of fish 

captured, (12) 306. 
Relative quantity of fish taken by line 

and by trawl, (6) 47 ; (7) 20 ; (12) 28. 
proportion of small fish captnml by 

the "Garland," (6) 36. 
Remimdus tridena, (19) 251. 
Beophax (JUflugtformis^ (16) 275. 

fi,ndms, (8)314. 

fusiformis, (8) 314 ; (16) 275. 

monUiformCy (16) 275. 

nodtdoea, (8) 314. 

9corpiuru8y (15) 166. 

scoUii, (16) 275. 

Report on the apparatus required for 

carrying on physical observations in 

connection with the fisheries, (6) 309. 
from the Fishery Board's marine 

station at St. Andrews, (6) 265, ko. 
on the biological investigations 

carried out on boara H.M.S. " Jackal," 
, (6) 215. 

on physical and chemical examina- 
tion of the water in the Moray Firth, 

(6) 313. 
on phjjrsical observations bearing 

on the circulation of the water in 

Loch Fyne, (5) 262. 
on physical observations on the sea 

to the west of Lewis, (6) 349. 
Reproduction in diatoms, (15) 217. 

of fishes, (10) 18. 

of the eel, (13) 14, 192. 

Reproductive organs of fishes, weight of, 

(10) 241. 
** Research," H.M.S., animal plankton 

collected by, (15) 305. 
physical observations made on 

board of, (15)280. 
report on phyto-plankton collected 

by, (15) 297. 
Respiration of teleostean embryo, (16) 

213. 
Retina of teleosteans, embryology of, 

(6) 280. 
Review of the trawling experiments of 

the "GarUnd" in the Firth of Forth 

and St. Andrews Bay in the years 

1886-95, (14) 128. 



RhampMitoma. Se^ Garfish. 
Rhina squcUina, See Angel-fish. 
Rhincalanus gigaa, (19) 236, 237; (20) 

450. 
RhhoBoUnia alata, (15) 298, 300. 

punqens, (15) 214. 

semispinal (15) 300. 

setigeruy (15) 214. 

ahrubsolii, {15) 2H. 

stoUer/othii, (15) 214, 301. 

stulifarmis, (15) 298, 301. 

Rhizothrix curmto,-(8) 319; (21) 123. 
Rhoda raschii, (20) 480. 
Rhodine hv&ni, (15) 158. 
Rhombinffi, (18) 352, 357, 358. 
Rhamboidkhthys, (18) 360. 

mancus, (18)357. 

Rhantbosolea, (18) 360. 
Rhombus Urvis. See BrilL 

maoticus, (18) 357. 

maximus. See Turbot. 

noirvegicus. See Topknot, Norway. 

RhynchomyzoH purpuroeinctumt (17) 202; 

(18)400; (20)472. 
Richard, M., (13) 16. 
Rigor mortis in fish and its relation to 

putrefaction, (6) 282. 
R^soa parva, {lb) 119, 

violacea, (15) 119. 

River -watdr, micro-organisms in, (3) 73 ; 

(4) 176 ; (5) 331. 
Robb, Mr James, (20) 136. 
Robertson, Mr John, (9) 177. 
Robertson* tenuis, (6) 239 ; (17) 254 ; (20) 

503, 517, 523. 
Roch^, Dr, chief inspector of French 

fisheries, (13) 10, 16, 345. 
Rockling, five-bearded {Moiella {Onos) 

muslela), (4) 233; (8) 357 ; (15) HI ; 

(18) 284. 

fecundity of, (9) 259. 

food of, (20) 519. 

growth of, (15) 208. 

post-larval and young, stages 

of, (15) 206. 

reproduction of, (3) 66. 

spawning period of, (4) 249. 

four-bearded {liotella {Ono$) dm' 

bria), (4) 222 ; (8) 357 : (18) 284. 

eggs of, (16) 91, 115. 

fecundity of, (9) 258. 

food of, (21) 222. 

larval stages of, (8) 363. 

parasites of, (19) 122; (20) 289. 

three-bearded {Motella {Onas) 

tridrrata), (4) 224 ; (8) 357 ; (18) 284. 

food of, (8) 255. 

parasites of, (20) 289, 291 ; (23) 

110. 

spotted {Onos maetdalus), (18) 284. 

Rockhngs, eggs of, (7) 306; (8)284; (14) 

223 

in Firth of ayde, (15) 250. 

larval, (8) 284. 

post-larval forms of, (7) 308. 

spawning period of, (17) 99. 

Roperta tesseUcUa, (15) 214. 
Roeie, Mr D., (9) 177. 
Rossia mtierosomay (15) 115. 
oweni, {15) 116, 
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Bolaiia heccarii, (16) 167 ; (20) 497, 603, 

510. 

nUida, iS) S\6 ; (15) 167. 

Rotalina injlata, (8) 315. 

ochraceay (8) 315. 

Rothesay Aquarium, (6) 16, 20. 

Rough hound. See Dog-fish, lesser 

spotted. 
Roumania as a market for Scottish- 

cured herrinffs, (7) 164, 
Round fishes, fluctuations in abundance 

of, (14) 137, 140. 
growth of, compared with flat fishes, 

(20) 334. 

mature and immature, (8) 173. 

numbers and sexes of, (8) 350. 

spawning of, (8) 265. 

Royal Commission on Trawling, (14) 128. 

of Fisheries in Italy, (6) 14. 

Rufif {Aceriiia vulgaris) , spawning period 

of, (4) 244. 
Runcina coronaUa^ (15) 116. 
Russia as a market for Scottish-cured 

herrings, (7) 167. 

fisheries of, (7) 408 ; (12)404. 

fishery work in, (12) 404. 

Ryder, Professor J. A., (6) 302, 330. 



Sahella pavonia^ (15) 158. 

penicUltts, (16) 158. 

Sabellaria alveolata, (20) 312. 
SabelliphUus mrsi, (12) 258. 
Saccamina aphcera, (19) 236, 257. 
SacctUina carcini, (6) 236; (15) 156. 

triangularis, (6) 236. 

Sagitta as herring-food, (4) 126. 

distribution of, in Firth of Forth, 

(16) 190. 

parasites of, (14) 165. 

hipunctata, (15) 160, 306, 307, 309, 

311; (16) 190, 196, 207 210; (20), 

513, 516. 
Sagrina dinwrpha, (16) 275. 
Sail-fluke. See Megrim. 
St. Andrews Bay, bye-law closing, 

against beam-trawling, (5) 44. 
larval fishes of, (8) 286, 287 ; (11) 

263 ; (12) 299, 301 ; (13) 260, 261, 264 ; 

(14) 225. 

migratory movements of gurnards 

in, (17)215. 

pelagic and other fauna of, (6) 274. 

pelagic eggs of fishes in, (8) 286, 

288; (9) 340; (11)263; (12)298,299, 
301 ; (13) 260, 261, 264 ; (14) '225. 

fauna of, (15) 66. 

physical observations in, in 1896, 

(15) 90. 

conditions of, (5) 64. 

post-larval fishes of, (8) 286, 287 ; 

(11) 263 ; (12) 299, 301 ; (13) 260, 261, 

264 ; (14) 225. 
trawling experiments in. See 

** Garland.^* 

stations in, (5) 56, 

young fishes of, (8) 286, 287; (11) 

263 ; (12) 299, 301 ; (13) 260, 261, 264 ; 

(14)225. 



St. Andrews, Fishery Board's Marine 

Laboratory at, report from (4) 201 ; (5) 

354 ; (6) 265, 279; (8) 8 ; (9) 6 ; (10) 7 ; 

(11) 8, 18. 
Saithe. See Coal-fish. 
Salemkya tuberosa, (20) 449, 474; (22) 

225. 
Salinity, efiect of, on fish egss, (5) 241. 
in relation to size of nerring, (17) 

286. 

influence of, on variability, (18) 239. 

observations in Faeriie-Shetland 

Channel, (15) 282. 

of Firth of Forth, (5) 350. 

Saltnofario. See Trout, common. 
fontinaliSf spawning period of, (4) 

252. 

levenensis. See Loch Leven trout. 

salar. See Salmon. 

IruUa, See Sea-trout. 

Salmon {Salmo solar), (18) 287. 

composition of flesh of, (5) 222, 228, 

229. 

digestibility of, (5) 228. 

disease, (4) 178. 

fecundity of, (9) 267. 

food of, (12) 292. 

parasites of, (18) 152, 172. 

Salmon, seasonal chcoigee in viscera of, 

(12)291. 

spawning period of, (4) 252. 

of Rhine, spawning of, (6) 307. 

Salmon-trout. See Sea-trout. 

Salpa vulgaris, (15) 307, 310, 311. 

Samaris, (18) 361. 

Sand-eel embedded in liver of haddock, 

(3) 70. 
greater (Ammodytes lanceolaltis), 

(4)233; (15)112. 

eggs of, (9) 332. 

fecundity of, (9) 269. 

food of, (20) 487, 520. 

mature and immature, (8) 177. 

spawning period of, (4) 249. 

lesser (AmnMayies tobianus), de- 
velopment of brain in, (13) 276. 

eggs of, (12) 313. 

fecundity of, (9) 259. 

growth of, (12) 313. 

krvae of, (12) 315. 

oviposition of, (12) 313. 

reproduction of, (3) 66. 

sexual proportions of, (10) 239. 

: — spawning period of, (4) 249. 

Sand-eels as food for hen-inff, (4) 127. 

egg and early stages of, (9) 331. 

post-larval forms, (7) 309. 

young of, (3) 66. 

SandQman, Mr George, (11) 391, 392, 

393, 894 ; (12) 21, 291. 
Sanderson, P]x)fes8or Burdon, (6) 279. 
Sand-fluke. See Megrim. 
Sand-smelt. See Smelt, sand-. 
Sandy ray. See Ray, cuckoo. 
Sapphirine gumara. ^S^ Gurnard, 

sapphirine. 
Saprolegnia of salmon disease and allied 

forms, (7) 12, 368. 
Sardna litoralis, (6) 204. 
ventriculi, (6) 204. 
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Sarcodictyon ccUencUa, (15) 163. 
Sardine. ^SkM o/^o Pilchard. 

age of, (8) 374. 

development of reproductive organs 

of, (8) 373. 
eggs of, (8) 373 ; (9) 418, 420 ; (10) 

161. 

fecundity of, (9) 418. 

fishery in Gulf of Marseilles, (9) 

419. 

food of, (7) 390 ; (8) 372. 

growth of, (8) 374. 

movements of, (10) 161. 

researches on, (9) 418, 420. 

Spanish, report on, (10) 160. 

spawning ot, (8) 372. 

trade of, inGalicia, (8) 371. 

Sars, Professor G. O., (6) 15 ; (19) 92. 

on development of cod, (3) 53. 

discovery of the floating eggs of the 

cod by, (16) 88. 
Sarsiella cwpstda^ (20) 475. 
Saury pike. See Pike, saury. 
Sauvage, I>r H. E., (7) 384, 390; (9) 

177 ; (13) 16. 
Saxicava rugoBa, (6) 231 ; (15) 128 ; (20) 

496. 
Saxicavella plicata^ (15) 128. 
Scad. See Horse-mackerel. 
8c(MU/rgvs eirrhom, (15) 114. 
Scalaria, (20) 610. 
Scaldback. See Scald-fish. 
Scald-fish {Amoglo88*ju {Platophrys) 

IcUema), (17) 94 ; (18) 286, 357. 

eggs of, (17) 83, 84, 94, 96, 106. 

food of, (20) 487, 524. 

in Scottish waters, (21) 511. 

Scales of fishes, lines of growth in, (23) 

125. 
Scallop. See Clam. 
Sca/pnitnder lignar%u8y (15) 115. 
Scapholeberis camutay (9) 275, 290. 
mucronata, (9) 277, 290, 296; (13) 

250 ; (14) 239, 242 ; (15) 321 ; (17) 141, 

160, 184, 191. 
Schtatocephalus solidiia, (9) 273. 
Schistomysis areno»a, (15) 134. 
(nmatus, (15) 134 ; (16) 158, 209 ; (17) 

268 ; (20) 491, 516, 522, 536. 
spirUtis, (16) 158, 163, 209 ; (20) 491, 

493, 516, 519, 523. 
Schizopoda as herring-food, (4) 123. 

of Firth of Forth, (16) 158. 

distribution of, (16) 164* 

of Loch Fyne, (16) 262. 

Sckizaporella Mntcomw, (16) 156. 
Schizothcems nut/cUH, (7) 341. 
Sclerochilus contarttis, (6) 245 ; (15) 145. 
ScoUcithrix abysMlis, (15) 310, 311, 313. 

hrev%c(n^Uy (20) 449, 452. 

hibemka, (15) 146; (17) 248; (19) 

238; (20)451. 

pygnKea, (17) 249. 

Scomber scomber. See MackereL 
Scombresox aaums. See Pike, saury. 
Scopelocheirus crenatus, (7) 319. 
ScopthalmuB norvegicus. See Topknot, 

Norway. 
untmaculatvs. See Topknot, one- 
spotted. 



Scorpion, sea- {OoUus Korpius)^ (4) 212, 

232; (15)109. 

eggs of, (3)59; (4)206. 

eggs and young of, (14) 181. 

fecundity of, (9) 248. 

feeding on sprats, (4) 206. 

food of, (20) 486, 489. 

rate of growth of, (12) 333. 

parasites of, (19) 138, 139. 

post-larval forms of, (7) 309. 

spawning period of, (4) 244 ; (7) 197. 

volume of eggs of, (16) 141. 

Scotland, direction of currents on east 

coast of, (15)346. 
Scott, Mr Andrew, (9) 269, 281 ; (10) 

244; (11) 197 : (12) 231 ; (13) 165, kc 
Dr Thomas, (4) 231 ; (6) 225, 232 ; 

(7) 11, 171, 183, 222; (8) 14, 16, 23, 

230, &C. 
Scottia broumiana, (9) 281, 282. 
Scottish Fishery Acts, (10) 172. 

lobster fishery, the, (6) 9, 189. 

mackerel fishing, (12) 16. 

ScoUocheres eloTigcUus, (16) 278. 
Scottomyzon gibberumf (15) 155. 
Scrobicularia piperata^ (7) 328. 

prismcUicay (20) 510. 

Scutellidium fascicUum, (4) 154; (10) 

258 ; (15) 153. 

tisboides, (10) 258 ; (18) 396. 

Scyllium canicula. See Dqg-fish, lesser 

spotted. 
ccUulua. See Dog-fish, larger 

spotted. 
Sea-birds, destruction of fish by, (8) 20. 
Sea Fisheries Committee of lAncashire, 

(14)8. 
Parliamentary Committee on, (12) 

384. 
(Scotland) Amendment Act, (5) 

43. 
Sea-fowl swallowed by cod, (4) 134. 
Sea- horse {Hippocampus antiqu^rum), 

(18) 289. 
Sea-lamprey {Petromyzon marinus), 

spawning period of, (4) 254. 
*• Sea-mouse^' {Aphrodite), (6) 231. 
Seaponds at Dunbar, (10) 10. 
Sea-Scorpion. See Scorpion, sea-. 
Sea-snail, common, or sucker {Oyclogculer 

liparis), (4) 232; (15) 110; (18) 279. 

change of colour in, (3) 69. 

Sea-trout. See Trout, sea-. 

Sea-water, methods for determining the 

specific gravity of, (4) 192. 
Sea, west of Lewis, physical observationa 

in, (6) 349. 
Seals, damage to fisheries by, in Den- 
mark, (9) 412. 
Seasonal changes in fishes, (12) 291. 
SehaMes marinus. See Haddock, Norway. 

norvegicus. See Haddock, Norway. 

Seine-net, action of, in herring fishery, 

(18) 242. 
in herring fishery, introduction of, 

(18)242. 
fishing for herrings, suppression of, 

(18) 243. 
fishing for herrings at Ballantrae, 

(11)15; (12)18; (13)13; (14)14. 
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Seines, destniction of immature fish by, 

(8) 190. 
SdcLche maxima. See Shark, basking. 
Selioidea holhroei, (20) 481. 
Stmde, decisa^ (7) 341. 
Sense-organs of fishes, (8) 362. 
Senses of lobster, (23) 97. 
Septa officinalis as bait, (7) 352. 
Sepiola rondeletiiy (16) 116. 
Sergestes atlanficus, (15) 310, 311. 
Serpula bicomia ventricosa, (7) 313. 

coniortupluxUay (16) 157. 

triquetral (16) 1^7. 

mrmicularie, (16) 157. 

i^erranus cahrUla, (2) 79 ; (4) 222. 

spawning period of, (4) 244. 

o^ow, spawning of, (4) 244. 

hepcUus, embryo of, (16) 214. 

Sertularellajfusi/ormis, (15) 164. 

rugomy (15) 164. 

Sertvlaria abietinay (15) 164. 

argentea, (15) 164. 

filiculay (16) 164. 

pumilay (15) 164. 

Servia as a market for Scottish-cured 

herrings, (7) 163. 
S^ve, M., (9) 416. 
Sex, relative numbers of malesand females 

among skates nd rays, (21) 22^. 
Sexes, numbers and size of, among sea- 
fishes, (8) 348. 
of plaice, maximum size of, (20) 

357. 
Sexes, proportional number of, in edible 

crab, (18) 99. 
proportion of, among plaice, (20) 

367. 
Sexual characters in crab, (18) 99, 
characters, external, of Carcvnns 

mtenasy (21) 160. 

colouration in fishes, (10) 242. 

differences among mackerel, ques- 
tion of, (18) 312, 

proportions in witch, (22) 195. 

relations of sea-fishes, (10) 18, 239. 

Sex-variability, (18) 207. 

Shad, artificial propagation of, (3) 82. 

allis (Clupea cUom)^ (18) 288. 

food of, 487, (20) 533. 

parasites of, (19) 145. 

twaite (Glv^f>ea finta), occurrence of, 

on East C^oast, (20) 640. 

food of, (20) 487, 533. 

parasites of, (18) 176 ; (19) 145. 

skeleton of, (5) 287. 

spawning period of, (4) 253. 

Shagreen ray. See Ray, Fuller's. 
Shanny {Blennius pholis)^ (4) 208 ; (18) 

279. 
Shark, basking {Selache maxima)^ (18) 

291. 

blue {Carcharias glaucus) (18) 290. 

Greenland (Loemargas microce- 

phalus), (2) 80; (4) 227, 228 ; (21) 80. 

caught in trawl, (4) 227. 

cranial nerves of, (7) 384. 

dissection of, (4) 1228. 

food of, (4) 228. 

parasites of, (4) 228. 

skuU of, (7) 385. 



Shark, porbeagle {Lamna comubica), (19) 

290. 
1 — food of, (4) 210 ; (19) 290 ; (20) 

487, 537. 
intra-uterine specimen of, (6) 

263. 
parasites of, (18) 156, 171 ; (19) 

126, 132; (20)292; (23)112. 

thresher (Ji^opMW vulpes), (18) 290. 

parasites from, (19) 125. 

Shell-fishes used as bait, (4) 217. 
Shetland Isles, fauna of lochs of, (13) 

174. 

fisheries of, (10) 202. 

fishing grounds off, (9) 182. 

post-larval fishes at, (14) 227. 

Shaw-Lefevre, Mr, (10) 173. 
Shore-crab. See Carcinue mamas. 
Short-spined cottus. See Sea scorpion. 
Shrimp, common {Cfrangon vtUgarts), (6) 

259 ; (16) 131 ; (20) 491, 492, 607, 511, 

519, 528, 635, 536. 
association of, with young plaice, 

(17) 235. 
description of larval stages of, (19) 

94. 
development of appendages in larvae 

of, (19) 96. 

ear of, (19) 97. 

eggs of, (19) 93. 

feeding on larval herrings and 

smelts, (9) 406. 
fisheries, trap used in France in, (7) 

394. 

fishmg, (8) 185. 

capture of immature fish 

by, (9) 206. 

in Solway, (7) 175. 

food of, (9) 406. 

larval stages of, (19) 92. 

life-history of, (9) 406. 

mode of attachment of eggs in, (22) 

118. 
morphological significance of origin 

of gills in, (19)114. 

moulting of larvro of, (19) 94. 

movements of larvce of, (19) 93. 

net, description of, (8) 164. 

origin of gills of, (19) 113, 114. 

— • — rearing of larvae of, (19) 93. 

spawning period of, (6) 299 ; (9) 

406. 
trap, description of French, (9) 

209. 

trawling in France, (9) 210, 

trawlinff in Thames, immature 

fishes caught by, (4) 205. 

trawl-net, (7) 16, 29. 

zoSaof, (19) 114. 

Shrimping and the destruction of imma- 
ture fish, (8) 185, 194. 
Sida brachyuray (9) 389. 
crystallinay (9) 275, 277, 289 ; (12) 

286 ; (13) 245, 260 ; (14) 168 ; (16) 318, 

321 ; (16) 262; (17) 138, 144, 184, fto. 
SigmoUina tenuiSy (16) 274. 
Significance of the yolk in the eggs of 

osseous fishes, (6) 280. 
Smcoflagellates, (15) 302. 
Silvery pout. See Pout, silvery. 
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Sim, Mr Geo., (4)102,210. 
8imocephalu8 vetulus, (9) 277, 282, 283, 

290; (13)245,250; (15)321; (16)252; 

(17) 138, 140, &c 
Simpson, Opt. R. E., (9)3, 21, 184, 209 ; 

(10) 7, 23, 244. 
Sinclair Bay, trawling inveetigationB in, 

(20)94. 
Sipho gracais, {l^) 118. 
SiphonoderUalium lo/otense, (15) 123 ; (19) 

236. 
8iphono«tama tt/phle, 5eePipe-fiBh, broad- 
nosed. 
SiphonceceUs colUUi, (8) 328 ; (19) 266 ; 

(20)511. 

crassiccmisy (11) 215. 

tvpicus, (8) 328. 

Sira-plankton, characters of, (15) 302. 
SirieUa armata, (4) 162; (7) 323; (15) 

134; (16) 158, 160, 209; (18) 404; (19) 

277 ; (20) 480 ; (22) 267. 

brooki, (4) 162 ; (16) 134. 

daunt, (4) 160 ; (15) 134 ; (18) 404. 

crassipea, (4) 161 ; (6) 254, 256. 

jaltenses, (16) 168, 160, 209. 

norvegica, (4) 161 ; (7) 327 ; (16) 

167 ; (17) 268. 
Sixems, boats, (10) 204. 
Size of mature and immature fish, (8) 163. 
Skate, blue. See Skate, grey. 

digestion in, (2) 40. 

flapper {Raia nuicrorhyiichua), (16) 

168; (18)292. 
grey or common, {JRaia batia), (9) 

306, 310 ; (18) 292. 

cranial nerves of, (7) 384. 

development of, (8) 15, 300. 

" electric " organs in, (6) 277. 

food of, (20) 487, 636. 

migrations of, (11) 191. 

parasites of, (18) 166, 164, 170, 

171, 180 ; (19) 130, 151. 
proportion of sexes in, (21) 

230. 

size at maturity, (10) 238. 

long or sharp-nosed {Jiaia oxyrhy- 

fu;Au6) (18)292. 
Skate-leech, (19) 141. 
Skates, breeding and spawning periods 

of, (8) 301. 

** electric" organs of, (6) 277. 

feeding on herrings, (4) 103. 

food (3, (7) 231, 234, 236, 237, 239, 

251 ; (8) 231, 244, 249, 250, 261, 263, 

256, 266 ; (9) 232, 236-237, 239-241 ; 

(10) 228, 231. 

mature and immature, (8) 172. 

parasites of, (19) 141. 

relative number of sexes in, (21) 229. 

Skates and Rays, distribution of adult 

and immature, (8) 172. 
proportion of males to females, 

(8) 349. 
Skeletal structures of fishes, lines of 

growth in, (23) 126. 
Skeletonema codcUum, (15) 213, 214. 
Skenea planorbie, (15) 119. 
Skuljpin. See Dragonet, gemmeous. 
Small-meshed net around trawl-net, 

description of, (19) 60. 



Smelt or sparling (Osmertts epertomw), 

(18) 287. 

attacked by squids, (3) 68. 

eggs of, (16) 91. 

fecundity of, (9) 267. 

greater silver {Argentina eilus), 

occurrence of, in North Sea, (19) 286 ; 

(20)640; (21)27. 

spawning period of, (4) 292. 

food of, (21) 224. 

Hebridean. See Smelt, lesser silver. 

lesser silver {Argentitia mhwrtnta), 

(18) 287 ; (19) 286. 

©gg8 of, (19) 286. 

food of, (20) 487. 628 ;(21)223. 

spawning period of, (19) 286l 

sand- (Atherina preabyter), (4) 232; 

(15) 110 ; (18) 280. 

food of, (20) 486, 604. 

spawning period of, (4) 246. 

Smith, Mr Anderson, (7) 384, 386, 392 ; 

(8) 17, 360; (9) 13, 16, 187, 268, 289, 

297, &c 
Dr W. Ramsay, (7) 9, 222 ; (8) 

12, 23, 230 ; (9) 12, 21, 177, 222, 362 ; 

(10) 18, 23, Ac 

Prof. Sidney J., (6) 302. 

Smith Bank, (11)9. 

spawning plaice on, (8) 259. 

trawling investigations at. See 

Trawling investigations. 
SmiUia retteuUUa, (16) 166. 
Smooth dab. See Dab, lemon. 
Socames vahli, (14) 168. 
Soft lobster, characters of, (23) 94. 
Solaster endeca, (16) 161 ; (20) 310, 319, 

324. 
pappomis, (7) 347; (16) 161; (20) 

310, 319, 324. 
Sole, common or black (Sclea vulgaris), 

(48)286. 

Cunningham on, (9) 390. 

on east coast of Scotland, (21) 

32 54 229. 
' — ^distribution of, (15) 112; (18) 

369 ; (21) 64. 

^gs of, (7) 304 ; (16) 91, 114, 115. 

in ayde, (15) 250. 

fecundity of, (9) 266. 

food of, (7) 236 ; (9) 390 ; (20) 628. 

growth of, (9) 391. 

hatching of, (12) 11. 

natural history of, (9) 390. 

parasites of, (18) 146, 166 ; (19) 121, 

139,142; (23)108. 

pathological conditions of, (12) 294. 

rearing of, in ponds, (9) 391. 

spawning grounds of, in Irish Sea, 

(13) 334. 
period of, (4) 261; (7) 190, 

386 ; (8) 266 ; (9) 390. 
period of, at Marseilles, (8) 

372. 

lemon. See Dab, lemon. 

little, or solenette {Solea Intea), (18) 

287. 

distribution of, (21) 63. 

specific gravity of eggs of, (7) 886. 

eggs of, (14) ^T; (16) 91, 114, 

115 ; (17) W2, 83, 93, 96. 
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Sole, common or black, egg resembling 

that of, (10) 295. 

food of, (8) 456. 

mature and immature, (8) 17*2. 

minimum size at maturity, (8) 

161, 162, 163. 
proportion of males to females, 

(8)348. 
relation of length to weight, 

(22) 144, 216. 

sexual proportions of, (10) 239. 

size of, at maturity, (8) 172 ; 

(10) 238. 
spawning period of, (7) 191 ; (17) 

99 

witch. See Witch. 

Solea impar, (18) 359. 

iWetmi, (18) 359. 

lodcaris, (18) 359. 

lutea. See Sole, little. 

oceUata, (18)359. 

variegata. See Thickbausk. 

vulgaris. See Sole, common. 

Soleatalpa, (18) 359. 

unicolw, (18) 358. 

Soleidae, (18) 258, 351, 358. 
SoleinsB, (18) 351, 352, 359. 
Solei-pleuronectinsB, (18) 352, 360. 
Solm, (20) 496-497, 510. 

(WMM, (15) 127. 

pellucidusy (15) 127. 

siliqua, (15) 127. 

as bait, (7) 352. 

Solenette. See Sole, little. 
Solway, fisheries of, (4) 255 ; (7) 175. 

shrimp fishing, (7) 175 ; (8) 185. 

Sophrosyne robertsoni, (15) 137. 

Spain, administration of fisheries in, (7) 

396. 

fisheries of, (12) 403 ; (13) 347. 

fishery work in, (7) 396 ; (8) 368 ; 

(9) 421 ; (10) 350 ; (12) 403 ; (13) 348. 

imports of fish into, (9) 422. 

03r8ter-culture in, (7) 397. 

salting and preserving establish- 
ments in, (8) 369. 

sardine fishery of, (7) 399. 

submarine light in fishing, (7) 399. 

trawling in, (8) 370. 

whales on coast of, (8) 370. 

Spain and Portu^l as markets for Scot- 
tish-cured herrings, (7) 163. 
Spanish sardines, report on, (10) 14, 160. 
Sparling. See Smelt. 
SpcUanffidium ral/aianum, (15) 297. 
SpcUangtia purpureusy (15) 162; (20) 317, 

319, 324. 
Spawn-collector, floating, (12) 207. 
Spawners at hatchery, difficulty with, 

(14) 152. 
Spawning areas ofibhore, (14) 15. 
areas, relation of currents to, (13) 

13; (15)374. 
of cod in autumn in North Sea, (23) 

253. 
of cod, &c., in Dornoch Firth, (23) 

20. 

of edible crab, (18) 85, 88. 

of fishes, males ripe before and after 

females, (8) 257. 



Spawning of flat fishes, (14) 147. 

oflfehore, (10)236. 

of grey gurnard, relation of 

migrations to, (17) 222. 
of lobster, (6) 299 ; (18) 86 ; (22) 117 ; 

(23) 100. 

of mackerel, (18) 327. 

of pike, (5) 347. 

of plaice at Hatchery, (23) 120. 

of plaice, relation of temperature 

to, (20) 344. 

of salmon in Rhine, (6) 307. 

of shore-crab, (22) 118, 120. 

of sprat, (21)67. 

period in Loch Fyne compared 

with East Coast, (17) 96. 

of anchovy, (4) 252 ; (6) 306. 

of angler, (7) 197; (8) 269; 

(21) 189. 

of Aphia peUudddy (4) 245. 

of armed bullhead, (7) 197; 

(21) 74. 

of Asteriaa rubenSf (4) 216. 

of ballan-wrasse, (4) 246. 

of bass, (4) 244. 

of bib, (4) 247; (8) 268; (17) 

98. 

of boar-fish, (4) 245. 

of brill, (4) 250; (7) 192; (8) 

265 ; (10) 232, 234 ; (15) 243, 370 ; (17) 

98. 

of burbot, (4) 249. 

of Canthartts lineatuSf (4) 244. 

of Carcinus TmBnaSj )21) 138, 

174. 

of carp, (4) 252. 

of cat-fish, (4) 245 ; (7) 197 ; (8) 

269; (21)64. 
of coal-fish, (4) 247 ; (7) 195 ; 

(8)268; (10)233; (15) 243, 370; (17) 

97. 
of cod, (4) 246; (7) 195; (8) 

266 ; (10) 233, 234 ; (15) 222, 370 ; (17) 

97 ; (19) 227 ; (23) 20, 252. 
Spawning period of common dab, (4) 

251 ; (7) 189; (8) 262; (10) 234; (15) 

238, 370 ; (17) 98 ; (20) 360 ; (21) 45. 

of common eel, (4) 263. 

of conger-eel, (4) 253 ; (9) 392. 

of Couch's whiting, (4) 247. 

of GribreUa ocuUUa, (4) 216. 

of Dentex vulgaris, (4) 244. 

of five-bearded rockling, (4) 

249. 
of flounder, (4) 251 ; (7) 195 ; 

(8)263; (10)234; (16) 232, 370; (17) 

88. 

of garfish, (4) 262. 

of gemmeous dragonet, (7) 

197; (8)269; (17)99. 
of Gobius rutJiensparri, (4) 

245. 

of grayling, (4) 262. 

of greater weever, (4) 244. 

of grey ffumard, (4) 244; (7) 

196; (8)268; (10)234; (15) 370; (17) 

222. 
of haddock, (4) 246; (7) 196; 

(8)265; (10)232, 234; (15) .370; (17) 

97 ; (19) 211. 



Digitized by 



Google 



240 



Part TIL — Tw&nty^itUrd Annual Report 



Spawning period of hagfish, (8) 269. 

of hake, (4) 2tt ; (7) 195. 

of haUbnt, (4) 249; (7) 192; 

(8)265; (10)233. 
of herring, (4) 50, 51, 95, 253 ; 

(18) 263. 

of herring in Channel, (6) 299. 

of horse-mackerel, (4) 245. 

of John Dory, (4) 245. 

of lampem, (4) 254. 

of lanthom gnmard, (4) 244. 

of larger sand-eel, (4) 249. 

of lemon dab, (4) 251 ; (7) 188, 

. 386; (8) 261 ; (10) 234, 370; (17) 98; 

(21) 48. 

of lesser sand-eel, (4) 249. 

of lesser weever, (4) 244 ; (21) 

70. 
of ling, (4) 248 ; (7) 196 ; (8) 

268 ; (10) 233 ; (15) 244, 370 ; (17) 99. 

of Uttle sole, (7) 191 ; )17) 99. 

of lobster, (23) 101. 

of Loch Leven trout, (4) 252. 

of long rough dab, (4) 250 ; (7) 

191; (8)264; (10)234; (15) 370; (17) 

98. 

of lumpeucker, (7) 197. 

of mackerel, (4) 245 ; )17) 98 ; 

(18) 327. 

of Norway pout, (19) 164. 

of PagrM auratus^ (4) 244. 

of Palinurua, (6) 299. 

of Pandcdus, (6) 299. 

of perch, (4) 244. 

of pike, (4) 252. 

of pilchard, (4) 263. 

of plaice, (4) 250 ; (7) 187 ; (8) 

260; (10)234; (15)370; (19) 97; (20) 

338. 
of plaice, observations in large 

tank in hatchery, (22) 262. 
of plaice, relation of, to 

temperature, (15) 249. 
of pollack, (4) 248 ; (7) 194 ; 

(8)268; (17)99; (20)251. 

of pollan, (4) 252. 

of poor-cod, (17) 98. 

of red gnmard, (4) 244. 

of red mullet, (4) 244. 

of rocklinff, (17) 99. 

of SalmofarU), (4) 252. 

of Salmo/ontinalis, (4) 252. 

of salmon, (4) 252. 

of sand-smelt, (4) 245. 

of sardine, (8) 372. 

of sea-lamprey, (4) 254. 

of sea-scorpion, (4) 244. 

of sea-trout, (4) 252. 

of Serranus cabrilla, (4) 244. 

of Serranui gigas^ (4) 244. 

of sharp-tailed Imnvpentis, (19) 

287 ; (22) 203. 

of short-finned tunny, (4) 245. 

of shrimp, (6) 299 ; )9) 406. 

of smelt, (4) 252. 

of sole, (4) 261 ; (7) 385; (8) 

265; (9)390. 

of sole at Marseilles, (8) 372. 

of sprat, (4) 253; (15)234,370; 

(21) 67 1 (22)172. 



Spawning period of stone bass, (4) 244. 

of streaked gurnard, (4) 244. 

of sturgeon, (4) 254. 

of surmullet, (4) 244. 

of turbot, (4) 250 ; (7) 192 ; (8) 

264 ; (10) 233, 234 ; (15) 242, 370 ; (17) 

98. 
' of tusk, (4) 249 ; (7) 197 ; (9) 

259; (10)233. 

of twaite shad, (4) 253. 

of vendace, (4) 252. 

of viviparous blenny, (4) 245. 

of whiting, (4) 247; (7) 194; 

(8) 267; (10) 233, 234; (16)370; (17) 

97 ; (19) 185. 
of witch, (4) 251 ; (7) 190 ; (8) 

263 ; (10) 234 ; (17) 99 ; (22) 186. 
of Zeugoptenis punctcUus^ (4) 

250. 
of Zeugopterus tmimaeulattis, 

(4)250. 
relation of duration of, to num- 
ber of eggs, (16) 124. 
relative intensity of spawning 

at difierent times of, (17) 99. 
and spawning places of marine food- 
fishes, (7) 171, 182; (8) 13,257, 258; 

(10)232. 

of angler, (8) 269. 

of bib, (8) 268. 

of cat-fish, (8) 269. 

of coal-fish, (7) 195; (8) 268; 

(15)243. 
—of cod, (7)195; (8)266; (15) 

194 ; (23) 252. 
of common dab, (7) 190 ; (8) 

262 ; (15) 238. 
of fishes, (7) 4; (8) 258; (10) 

31,32,235; (14)12. 
of flounder, (7) 190 ; (8) 263 ; 

(15)232; (21)44. 
of food -fishes, conditions 

determininff, (8) 258. 
of food-fishes, old ideas on, (8) 

164. 

of gemmeous dragonet, (8) 269. 

of grey gurnard, (7) 196 ; (8) 

268; (15)241; (17)222. 

of haddock, (7) 193 ; (8) 265. 

of hake, (7) 195. 

of halibut, (7) 192 ; (8) 265. 

of herring, (17) 279. 

of lemon dab, (7) 189 ; (8) 261. 

of ling, (7) 195 ; (8) 268. 

of Uttle sole, (7) 191. 

of long rough dab, (7) 191 ; (8) 

264. 

of lumpeucker, (8) 269. 

of plaice, (7) 187 ; (8) 259, 260. 

of pollack, (7) 194. 

of sprat, (15) 235; (21) 67; 

(22) 172, 176. 

of turbot, (7) 192 ; (8) 265. 

of whiting, (7) 194 ; (8) 267 

(15) 227. 

of witch, (7) 190 ; (8) 263. 

relation of bottom to, (8) 258. 

pond, (21) 181. 

process, duration of, in individual 

fishes, (17) 227. 
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Specific gravity obeervations, (7) 429. 

gravity of pelagic eggB, (17) 116. 

Sperms of common massel, (5) 260. 
Spey Bay, trawling investigations in, 

Sphcerium comeun^, (8) 336 ; (9)271, 285 ; 
(16)320; (17)159, 185. 

Uumetre, (8) 338 ; (9) 276. 

Sphcmma euHum, (16) 135. 

rugicauda, (8) 329 ; (16) 317. 

Sphoeronella abyasi, (22) 254. 

acarUhozonis, (22) 264. 

affinis, (22) 264. 

amphilochi, (22) 242, 263. 

a4>r(e, (23) 150. 

antUlensis, (22) 264. 

argisscs, (22) 264. 

cUyli, (22) 225. 

honrUeri, (22) 226. 

caliopii, (22) 225. 

caUisonuB, (22) 242, 252. 

capensiSf (22), 265. 

chi7iensuf^ (22) 226. 

cluthcgy (22) 242, 252. 

cuHipes, (22) 263. 

danica, (22) 263. 

decorcUa, (22) 263. 

dtt/»cAwc,(22)263. 

elegantula, (22) 263. 

froiUalis, (22) 253. 

giardii, (22) 263. 

gitampsidis, (22) 253. 

holboUi, (22) 263. 

insigmsy (22) 263. 

intermedia, (22) 253. 

irregularis^ (22) 253. 

lepiocheira, (22) 253. 

longipes, (22) 263. 

marginala, (22) 263. 

mesdrieMiSt (22) 253. 

metapcR, (22) 253. 

TMCHKejiiala, (22) 263. 

mtntito, (22) 242, 261 ; (23) 141. 

munnopeidis, (22) 263. 

paradoxa, (22) 242, 261. 

pygmoM, (22) 242, 263. 

vararensis, (23) 141. 

Sphyrum lumpi, (19) 128 ; (23) 113, 114. 
A)iriali8 retroversus, (7) 326. 
^riUina arenacea, (7) 314. 

/o^iocea, (7)311. 

vivipara, (8) 316. 

perjiyrala, (8) 316. 

Spirling. See Smelt. 
l^roliKulina canalictdataf (16) 165. 

limbata, (15) 166. 

planulata, (16) 274. 

Spironloearia cranckii, (16) 132. 

gaimardii, (15) 132. 

pwiola, (16) 156, 167, 209 ; (17) 279 ; 

(20)480. 

Becurifhms, (15) 132; (18) 403; (19) 

278 ; (20) 516, 536, 637. 
Spvropagurus hyndmanni, (6) 268. 

terw, (6) 258. 

Spirorbis barealis, (15) 167. 
^pimda soUdUssima, (7) 341. 
SpongiUaflwiatUis, (17) 166. 
Spotted ray. See Ray, homelyn. 
Sprat {(Mvpea 9praUus), (18) 288. 



Sprat, affe of, (22) 180. 

and winter herring, notes on 

natural history of, (23) 164. 

as food for herrings, (6) 228. 

as food for turhot and brill, (21) 

62. 

as "sardines," (10) 162. 

in trawl-net, (8) 177 ; (21) 67. 

destruction of young herring in 

fishing for, (2) 57 ; (23) 166. 

di&renoe of larval, from larval 

herring;, (6) 304. 

distinctions from herring, (2) 48; 

(4) 100. 

distribution of, (21) 67. 

distribution of eggs of, (16) 234. 

of eggs of, in Firth of Clyde, 

(16) 249. 

eggs of, (6) 304; (7) 306 ; (8) 285. 

egffs of, Heusen*s observations on, 

(6) 304. 

fecundity of, (9) 268 ; (22) 285. 

food of, (20) 532. 

fishery in Firth of Forth, regulation 

of use of seine in, (18) 244. 

in Firth of Tay, (23) 156. 

fishing, (2) 57 ; (4) 205. 

proportion of young herring 

taken in, (23) 157. 

growth of, (4) 100 ; (22) 171. 

mature and immature, (8) 177. 

maturity of, (2) 56, 56. 

method of preparation of, as 

"sardines," (5) 218. 

on coast of France, (10) 162. 

parasites of, (18) 161 ; (19) 127. 

preyed on by herrings, (4) 126. 

proportion of, in "whitebait," (4) 

98. 
relation of length to weight of, (22) 

144, 148, 238. 

ripe ovaries of, (22) 286. 

size at maturity, (22) 181 . 

skeleton of, (6) 291. 

spawning period of, (2) 66 ; (4) 253 ; 

(15)234; (21)67; (22)172. 

spawning places of, (16) 236. 

Squids, capelin attacked by, (3) 68. 

herrings attacked by, (3) 67. 

injuries to hooked fishes by, (4) 204. 

mackerel attacked by, (3) 68. 

note on an extra large specimen of, 

(6)264. 

sparling attacked by, (3) 68. 

Star-fish, emigration of amseboid cor- 
puscles in, (6) 280. 
Star-fishes, depredations of, (4) 204. 
injurious to line-caught fish, (10) 

299. 
Starry ray. See Ray, starry. 
Statistics, fishery, charts showins pro- 
portional distnbution of fish, (20) 89. 
comparison of drags of trawl 

from different grounds, (20) 80. 
comparison of, for different 

areas of North Sea, (20) 82. 

discussion on, (20) 76. 

imperfections of, (20) 76. 

influence of change of ground 

on, (20) 83. 
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Statistics, fishery, information regarding 

the place of fishing necessary, (20) 88. 
in relation to method of fish- 
ing, (20) 79. 
in relation to place where fish 

caught, (20) 80. 
necessity of ascertaining dura- 
tion of fishing operations, (20) ^. 
necessity of ascertaining place 

of capture of fish, (20) 80 ; (21) 38. 
necessity of dealing with 

catches of individual vessels, (21) 38. 
new system of, described, (20) 

75. 

report on, (7) 178. 

of Buckhaven haddock line-fishing, 

(6) 130. 

of East Coast fisheries, (6) 18, &c. 

of fish caught by forty-three East 

Coast fishing boats, 1887, (5) 132. 
of fish caught by line and net boats 

in inshore grounds, (5) 82. 
of fish caught by line-fishermen, 

(14)21. 
of fish caught by line-fishermen and 

beam-trawlers, (7) 19 ; (8) 26 ; (9) 24 ; 

(12) 28, 179. 
of fish caught by line-fishermen in 

the Moray Firth, (14) 23, 120. 

of fish caught by trawlers, (20) 74. 

of fish caught in Aberdeen district, 

(6)97. 
of fish caught in Anstruther district, 

(6) 117. 
of fish caught in Leith district, (6) 

124. 
of fish caught in Montrose district, 

(6) 108. 
of fish caught in Stonehaven district, 

(6) 100. 
of fish caught within the area 

restricted from trawling in Anstruther 

district, (5) 131. 

of fishermen and boats, (10) 12. 

of fishing boats, (7) 27. 

of fishing boats and fishermen 

engaged, (9) 8. 
of fish landed, Act empowering 

collection of, (20) 78. 
■: of fish landed, imperfection of, (20) 

76. 
of fish landed in Leith district in 

1884, 1886, and 1886, (5) 217. 
•*— of fish landed by net and line boats 

and by steam beam-trawl boats, 

1886-7, (5) 206. 
of " flounder, plaice, and brill," 

analysis of, (20) 77. 

of ffreat-liners, (20) 86. 

of line-caught fish from territorial 

waters, (12)30; (14)21. 

of North Sea fisheries, (21) 37. 

of Scottish fisheries since 1809, 

(10) 15, 174. 

of Tay sprat fishery, (23) 157. 

StauroTieis aiiceps^ (9) 274. 
Stebbinff, Rev. T. R. R., (10) 244. 
Stegocephaloides aurcU^y (15) 138. 
christianiensis, (15) 138; (17) 265; 

(20) 478. 



Stegoplax brevicomiB, (20) 510. 

bremrodtris, (19) 260. 

longirostris, (18) 401. 

Stenhelia blanchardi, (18) 390. 

con/usa, (20) 449, 458. 

denticulcUa, (12) 240. 

dispar, (12) 239. 

hirsula, (12) 239 ; (20) 457. 

hispida, (12) 239; (15) 149; (19) 

248 ; (i20) 457. 
ima, (6) 239; (8)318; (15)149; (20) 

457; (21)114. 
intermedia, (15) 169 ; (19) 248 ; (20) 

457. 

pygmaa, (23) 144. 

refl^xa, (13) 167. 

Stenorhynchua pJialangium, (6) 256. 

rostratusy (6) 256. 

Stenothocheres egregiusy (22) 242, 250. 

mrsiy (22) 225. 

Stenothoe tnarinay (7)319; (15) 138; (16) 

170, 177, 210; (17) 265; (20) 516, 527, 

529. 

manoadoidesy (6) 246; (15) 138. 

poUexiandy (6) 246. 

StephanopyxU turrisy (15) 214. 
Stephos/tUtoniy (16) 266 ; (18) 383. 

^ym?M, (15)146; (19)237; (21)110. 

minoTy (16) 266 ; (20) 450. 

scottiy (20) 450 ; (21) 110. 

Steven, Dr J. Lindsay, (10) 323. 
Stewart, Dr C. Hunter, (7) 412, 472, 
Sthenometopa robuatay (20) 478. 
StichasUr roseuSy (15) 161 ; (20) 309, 319, 

324. 
Stickleback, fifteen-spined, (OaMerodteus 

spinachia)y (18) 281 ; (23) 157. 

fecundity of, (9) 254. 

food of, (20) 486, 505. 

in Loch Fyne, (4) 232 ; (15) 111. 

nest of, (4) 212. 

parasite of, (18) 147. 

three'SpmediOaaterosteusaadeatiui), 

(18) 281 ; (23) 157. 

food of, (20) 486, 504. 

parasites of, (9) 273 ; (18) 147, 

179; (19)122. 
Stili/er turUmiy (7) 324. 
Stiliger modestusy (8) 331. 
Sting ray. See Ray, sting. 
Stirling, Professor W., (2) 31 ; (4) 166, 

266. 
Stomatopora gramdatay (15) 157. 
Stomphta churchioiy (16) 163. 
Stone bass {Polyprion americantut), (18) 

274. 

spawning period of, (4) 244. 

Stonehaven, pelagic eggs of fishes off, 

(12) 300. 
Storms, effect of, on marine fauna, (4) 

215. 
Stow-net fishing and the destruction of 

immature fish, (8) 190. 
Streaked gurnard. See Gurnard, 

streaked. 
Streblocercus minutuSy (17) 141, 184, 199. 
Striped wrasse. See Wrasse, striped. 
Strongylocentrotua dro^lfochiermd, (20) 

316, 319, 324. 
Sturgeon {Acipenser etnrio), (18) 289. 
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Sturgeon oaugbt in trawl, (21) 228. 

parasite of, (23) 110. 

sexual maturity m, (6) 303. 

spawning period of, (4) 264. 

Styelopsis gnmulariay (15) 114. 

Styli-plankton, (16) 303. 

Stylophorus hypocephodus^ (18) 169. 

Svberites domwicuta^ (15) lft5. 

ficus, (16) 165. 

SuccineaptUria, (9) 285; (17) 169, 184. 

Sucker, Cornish {Lepadoyaster gotianii), 
(18) 279. 

Montagu's {Cyclogaster ' (Liparis) 

m<mtagvi), (4)212, 2^; (6) 269; (16) 
110; (18)279. 

eggs of, (3) 60 ; (16) 91. 

fecundity of, (9) 253. 

post-larval forms of, (7) 309. 

post-larval condition of, (6) 269. 

rate of growth of, (12) 334. 

variety of, (3) 64. 

Suitability of Scottish waters for oyster- 
culture, (9) 16. 

Sulcatar arenarius^ (10) 264. 

SuiiamphitJioi' hamaiu8y (6) 249. 

harmUu8, (6) 249, 

Sunaristes pagurif (11) 201, 202. 

Sun-fish, short (OrtJiagoridCus mola), 
(18) 289. 

parasites of, (18) 161, 167, 169 ; (19) 

126, 144; (23)113. 

Surface-currents of North Sea, (18) 370. 

Surface-drift in North Sea, direction of, 
(16) 339. 

Surirdla hiseriata, (9) 274. 

linearis, (9) 274. 

ovalis, (9) 274. 

Surmullet. See Mullet, red. 

Sutherland, Mr A., (9) 177. 

Sweden, fisheries of, (12) 396 ; (13) 338. 

of Bohuslan, (9) 408. 

fishery work in, (7) 406 ; (9) 407 ; 

(10)344; (11)498; (12)396; (13)340. 

Swedish fishermen, (10) 209. 

Switzerland as a market for Scottish- 
cured herrinffs, (7) 166. 

SympUuetea laltpes, (19) 262. 

Synapta digitcUa, (16) 162. 

Synaptura pectorcUis, (18) 369. 

Synatiphilud lutevs, (19) 261. 

Synchelidium brevicarpum, (16) 139 ; (17) 
266 ; (20) 491, 610, 616. 

SyjigncUhxu ctcus. See Pipefish, greater. 

SyrrhoUhcmcUipes, (11) 213. 



Tabellariajlocculoaa, (9) 274. 

Tcichidius brevicamisy (9) 302 ; (10) 260 ; 

(18) 380. 

crassicomisy (10)260; (11)203. 

diecipesy (9) SM>2. 

liUaraliay (16) 317 ; (19) 248. 

Tadpole hake. See Forkbeard, lesser. 
Talttrus locusUty (6) 245 ; (16) 137. 
Tanaia tomentoettSy (16) 136. 

viUcUuSy (6) 261. 

Tanaop&ia kUicandcUus, (16) 135; (17) 

266; (19)269. 
Tapes puUaatray (16) 126. 



(22) 



(16) 



(15) 
(20) 



ot 



Tapes virgineay (16) 126. 

Tarbet Ness, trawling investigations ofif, 

(21) 37 ; (22) 27. 
Tauria medusaruTfiy (9) 310. 
Tay, bacteria in water of, (4) 187. 

sprat fishing in, (23) 166. 

Tealia aussicomisy (16) 163. 
Technical instruction to fishermen, 

264 ; (23) 6. 
Tecnilella legumeuy (16) 274. 
Tetene rolundatay (8) 330. 
Teleostean development, notes on, 

211. 

fishes, sense organs of, (7) 385, 386. 

Tellina balthicay (7) ^28 ; (15) 128. 

crassa, (16) 128. 

fabtday (16) 128. 

prismaticay (20) 529. 

tenuis, (16) 128 ; (20) 610, 522. 

Temwa aMnis, (10) 245 ; (18) 385. 

langvcaudata, (6) 237. 

langicomisy (4) 148; (11) 203; 

146, 306, &c. ; (16) 182, 183, &c. ; 

494, 500, 503, &c. 

as herring-food, (4) 126. 

distribution of, in Firth 

Forth, (16) 183. 

veloxy (6) 237 ; (18) 384. 

TemareUa veloxy (6) 237. 

Temperature of bottom water on east 

coast of Scotland, (16) 371. 
of surface water on east coast of 

Scotland, (16) 371. 
of water, influence of wind on, (15) 

264. 
influence of change of, on spawning 

of plaice in confinement, (20) 441. 
low, on feeding of fishes, (22) 

162, 171. 
low, on movements of edible 

crab, (22) 125. 

low, on lobster, (23) 72, 98. 

— on movements of shore crab, 

(22) 126. 

on development of fish, ( 16) 178. 

on duration of development of 

fish eggs, (13)15; (15)370. 
on growth of fishes, (20) 335 ; 

(22) 159. 
on growth of lobster embryos, 

(14) 14. 
on hatching of cod eggs, (6) 

242. 
on migrations of gurnard, (17) 

216. 
on rapidity of digestion in 

fishes, (22) 171. 

on spawning of herring, (6) 306. 

variations of, on movements of 

fish, (13)339. 
in relation to the Dutch anchovy 

fishing, (9) 415. 
migrations of fishes in relation to, 

(20)336. 

range of, in shallow water, (20) 336, 

relation of, to copepoda, (17) 114. 

relation of, to growth of plaice, (17) 

239; (20) .%2. 
relation of, to spawning of plaice, 

(20) 344. 
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Temperatnre, relative senaitiveness of 

fishes to sudden changes in, (22) 102. 

observations, (7) 431 ; (12) 338. 

of sea and ponds, Dimbar, (17) 

205. 
in Aberdeen Bay. See 

"Garland." 
in Faeroe-Shetland Channel, 

(15) 282. 
in Firth of Clyde. See 

"Garland." 
in Firth of Forth. See 

"Garland." 

in Loch Achray, (17) 152. 

in Loch Arklet, (17) 142. 

in Loch Boon, (17) 170. 

in Duddingstone Loch, (17) 

166. 

in Forfar Loch, (17) 156. 

in Loch Katrine, (17) 147. 

in Loch Leven, (17) 161. 

in Loch Lochy, (17) 180. 

in Loch Lomond, (17) 136. 

in Loch Ness, (17) 175. 

in Loch Oich, (17) 178- 

in Montrose Bay. See " Gar- 

hmd." 
in Moray Firth. See "Gar- 

bmd." 
in St. Andrews Bay. See 

" Garbmd." 

report on, (13) 15, 302. 

Tenacity of life in plaice, (23) 253. 
Tephritts, (18) 354, 356. 

sinensis, (18) 356. 

Terebellides stroihnii, (15) 158. 
TerebrcUxdina capiU-serpentis, (15) 129. 
Tenitorial waters, deliverance of Parlia- 
mentary Committee respecting, (12) 

deliverance of Listitute of 

Litemational Law respecting, (12) 12. 
fish caught in, (10) 13, 28 ; (12) 

30. 
inadequacy of present limit of, 

(11)13; (12)11,12,385. 

Umits of, (11) 13 ; (12) 11. 

Tetragoniceps hradyi, (10) 253. 

hrevicauda^ (18) 392. 

amsimilis, (12) 244 ; (16) 268. 

incertusy (10) 254, 260; (21) 117. 

macranyx, (10) 253 ; (17) 256. 

maleolata, (10) 262, 253, 254; (18) 

391. 

pygnuKvSy (21) 117. 

Texttdaria gramen, (8) 315 ; (16) 275. 

pygnuea, (15) 166. 

eagUtulay (8) 315 ; (15) 166. 

trochus, (16) 275. 

variabilis, (8) 315. 

Hialassiosira gravida, (15) 214. 

nordenskioldii, (15) 214. 

Thalassiothrix longissima, (15) 214, 301. 
Thalestris clausii, (4) 152 ; (9) 303 ; (15) 
. 152; (21)130. 

forfiadoides, (12) 255 ; (15) 152. 

harpacioides, (10) 257, 258 ; (11) 203. 

helgolandica, (9) 303 ; (17) 258. 

, Umgimana, (4) 152; (6) 240; (15) 

152; (16)177,210. 



Thalestris m^fsis, (4) 151 ; (13) 170; (15) 

152. 

peliata, (16) 269 ; (21) 129. 

^{focincta, (6) 240; (10) 257; (16) 

269; (21)130. 

rufo-violascens, (9) 303. 

serrulatus, (8) 319; (9) 302; (16) 

177, 210. 
Thaumaleus claparedii, (22) 248. 

rigidius, (22) 242, 248. 

rostratus, (22) 242, 249. 

thowpsoni, (20) 449, 470; (22) 242, 

248. 

zeUandicus, (22) 242, 249. 

Thaumatocotyle concinna, (22) 278. 
Thelepus circinatus, (15) 158. 
Themisto brevispinosa, (6) 255. 

compressa, (10) 265. 

longispinosa, (6) 265. 

Thersites gasterostei, (18) 146 ; (19) 122. 
Thickback (Solea variegata), (18) 287. 

in Moray Firth, (22) 286. 

effffs of, (22) 286. 

Thick -l^iped grey mullet. See Mullet. 
Thomson, Mr Geom M., (18) 336. 
Thompson, Mr J. C., (8) 363. 

Mr J. Stuart, (23) 130. 

Mr Lindsay, (11) 21, 487. 

Professor D'Arcy, (18) 861 ; (19) 

114, 125. 
ThoreUia hrunnea, (8) 318 ; (15) 148. 
Thomback ray. See Ray, thomback. 
Thoulet, Professor M. J., (9) 420; (13) 

345. 
Thracia papj/mcea, (15) 129. 

vUlosiuscrda, (15) 129. 

Three-bearded rockling. See Rockling, 

three-bearded. 
Three-mile limit of territorial waters 

in relation to fisheries, (11) 13; (12) 

IL 
Thresher shark. Set Shark, thresher. 
Thurso Bay, trawling investigations in, 

(20) 95. 
ThymaUus vulgaris. See Grayling. 
T%ynnus pelamys. See Bonito. 
Thyone raphanus, (16) 162; (20) 807, 

319,324. 

fusus, (15) 162 ; (20) 307. 319, 324. 

Thysano^ssa horealis, (10) 267. 

~ — neglecta, (16) 158, 160, 209; (17) 268 ; 

(18) 403. 

nana, (4) 157. 

norvegica, (4) 157 ; (6) 254. 

raschti, (4) 157 ; (6) 254. 

Thvsanote in^cmdica, (18) 169; (20) 299. 
Ti(ial observations in Loch F^rne, (15) 

268. 
Tides affecting sprat fishing in Tay, (23) 

163. 
Tides, influence of, on surface drift, (15) 

360. 
Tomopleris anisciformis, (6)282 ; (15) 157, 

307,311; (16)210. 

ciliated organs of, (6) 282. 

eggs of, (6) 282. 

Tope {Oaleus canis), (18) 290. 

food of, (4) 213. 

parasites of, (18) 157, 172. 

Toper. See Tope. 
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Topknot, Mailer's {Zeugopterus punc- 

tatus), (4) 226 ; (8) 286 ; (21) 229. 

«gg8 of, (7) 304 ; (17) 83, 93. 

in Firth of Forth, (8) 357. 

in Loch Fyne, (16) 112; (18) 

357. 

on East Coast, (21) 229. 

parasites of, (19) 122 ; (20) 290. 

spawning period of, (4) 260. 

young stages of, (13) 333. 

Norway {Zeugopterua {Scophthal- 

mu8t Rhombus) norvegicus), (12) 19, 

227 ; (18) 285, 357. 

eggs of, (16) 91. 

intraovarian eggs of, (16) 97. 

one-spotted {Zeugopterus unimacu- 

latm), (18) 286. 

eggs of, (17) 83, 93, 96. 

habits of, (4) 226. 

in Loch Fyne, (16) 112. 

ripe e^ of, (4) 226. 

spawning period of, (4) 250. 

Topknots, younjr or, (11) 246. 
Tomatina mamillata, (16) 115. 

nitidula, (15) 116. 

obtusa, (16) 116. 

tnincatiUat (16) 116. 

umbilicatay (15) 115. 

Torpedo {Torpedo nobiliana), (2) 79 ; (19) 

290. 
Torpedo marmorcUa, (2) 79. 
Torsk. See Tusk. 
Toruia morrhuce, (6) 205. 
Tosh, Dr J. R., (12) 19, 20, 300, 333. 
Tracheli/er, (17) 269. 
Trachelobdella lophii, (19) 138. 

punctata, (19) 138. 

striata, (19) 138. 

■Trachinus draco. See Weever, greater. 

vipera. See Weever, lesser. 

Trawlers, flat fishes landed by, (20) 77. 
observations made on commercial, 

(20) 73. 

routine work on board, (19) 58. 

statistics of fish caught by, (20) 74. 

Trawl-net, influence of mesh on size of 

fishes cauffht, (19)62. 
invertebrate fauna taken by. See 

"Garland." 
relation of size of mesh to capture 

of immature fish, (8) 182 ; (12) 302 ; 

(19) 64. 

used by "Grarland," description of, 

(14) 129, 130. 
Trawl-nets, mesh of, (13) 334. 
relation between size of mesh and 

fish captured, (12) 302. 
Trawling, action of net on bottom in, (8) 

360. 
and the fisheries, observations on, 

(12) 16. 

area of fishing extended, (20) 83. 

areas frequented by Aberdeen 

vessels in 1891 and 1901, (20) 140. 
at Iceland, statistics of catches at, 

(20) 136. 

capture of immature fish by, (6) 3 ; 

(8) 179, 196. 
change of grounds by Aberdeen 

trawlers, (20) 126. 



Trawling, comparative experiments with 

otter- trawl and beam-trawl, (20) 118. 
comparative productiveness of 

different areas in North Sea, (20) 138. 
comparison of adjacent closed and 

unclosed areas, (7) 22. 
comparison of amounts of fish landed 

by beam -trawlers and line-fishermen, 

(6)7. 
comparison of catches of trawlers 

from different parts of the North Sea, 

(20) 135. 
effect of change of grounds in 1S91 

and 1901 on statistics, (20) 141. 
enquiries of Government com- 
missioners r^;arding, (6) 17. 

enquiries of committee, (6) 2, 17. 

extension of fishing to north-eastern 

parts of North Sea, (20) 126. 

for herring. See Seine-net. 

grounds at first frequented by the 

Aberdeen trawlers, (20) 127. 

in Australia, (9) 400. 

in Bay of Biscay, statistics of 

catches, (20) 136. 

in France, (9) 419. 

in Holland, investigations on, (13) 

341. 
in Ireland, enquiries regarding, (9) 

396. 

in Italy, enquiry regarding, (7) 401. 

in Japan, investigations on, (13) 348. 

in Spain, enquiries regarding, (7) 

396, 398 ; (13) 346. 

limits of closed waters, (8) 370. 

regulations regarding, (13) 346. 

increase of abuncbnce of fish in 

protected waters, (6) 18. 
increase of small fish in protected 

waters, (6) 2. 
influence of size of mesh of net on 

fish caught, (19) 62. 

in rekttion to e^ of fishes, (7) 401. 

method of treating information as to 

pUoe of fishinff, (20) 137. 
necessity of regulating, in Firth of 

Clyde, (6) 6. 
on beach, effect of clear water on 

result of, (17)233. 

on deep- water grounds, (19) 60. 

place of fishing, how ascertained, 

(20)136. 
proportion of marketable and un- 
marketable fishes, (19) 60, 61. 
records as to place of fishing, (20) 

136. 
regulations closing waters against, 

(20) 128. 
relation of mesh of net to fish caught, 

(8) 182. 
result of successive hauls on same 

ground, (21) 34, 36. 
small-meshed net used for collecting 

small fishes, (20) 327. 
speed at which net is towed, (20) 

122. 
statistics of catches for a period of 

years, (20) 126. 

vessels, changes in, (12) 169. 

vitality of fish caught by, (8) 183. 
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Trawling experiments of ** Grarland." Ste 

"GarUnd." 

at Orkney. Ste " Garland." 

description of, (14) 133. 

in Aberdeen Bay. See 

"Garland.** 
in Aberdeen Bay, description 

of stations, (5) 55. 
in Clyde, description of stations, 

(18) 20. 
inefficiency of ** Gkkrland " for, 

(20) 29. 
in Firth of Qyde. See " Gar- 
land." 
in Firth of Forth. See " Gar- 
land." 
in Firth of Forth, description 

of stations, (5) 52. 
in Firth of Forth, comparison 

of periods, (20) 21. 
in Forth and St. Andrews Bay, 

conclusions from, (14) 144. 
in Montrose Bay. Set ** Gar- 
land." 
in Moray Firth. See "Gar- 

land." 
in Moray Firth, description of 

stations, (19) 18. 
in St. Andrews Bay. See "Gar- 
land." 
in St. Andrews Bay, descrip- 
tion of stations, (14) 130. 

origin of, (14) 128. 

review of results o^, ( 14) 1 1 , 145. 

investigations by steam -trawlers, 

(19)58; (22)13; (25)13. 
by steam-trawlers at Faeroe, 

(23) 31-33, 68-64. 
by steam-trawlers in Aberdeen 

Bay, (19) 68, 79, 85; (20) 92, 95, 96, 

98, 99, 102-106, 109, 110, 112 ; (22) 19 ; 

(23) 13, 14, 22, 25, 28, 31, 34, 48, 49, 

53,57. 
by steam-trawlers in Burghead 

Bay, (20)93, 97, 98, 101, 104, 111, 113; 

(23) 18, 19, 22, 26, 27, 29, 30, 42, 44, 

45,50-57. 
by steam-trawlers in Cromarty 

Firth, (20) 93. 
by steam-trawlers in Dornoch 

Firth, (20) 94, 97, 101, 104, 107, 110; 

(23) 20, 21, 24, 26,-29, 42, 43, 47, 52, 

55,57. 
by steam-trawlers in Dunnet 

Bay, (23) 16. 
by steam-trawlers in Lunan 

Bay, (20) 96. 
by steam-trawlers in Moray 

Firth, (19) 18, 69, 80, 88 ; (20) 18 ; (22) 

19; (23)13, 14,26. 
— — by steam-trawlers in North 

Sea, (20) 73. 
by steam-trawlers in Sandside 

Bay, (23) 15, 36, 37. 
»— by steam-trawlers in Sinclair 

Bay, (20) 94. 
by steam-trawlers in Spey Bay, 

(20)104. 
by steam-trawlers in Thurso 

Bay, (20) 96. 



Trawling investigations by steam- 
trawlers o£f Dunbeath, (20) 94. 

by steam-trawlers off the Firth 

of Forth, (22) 48. 

by steam-trawlers off Lossie- 
mouth, (20) 93, 101; (23) 20, 24, 
41, 46. 

by steam-trawlers off Lybster, 

(20) 106, 112, 114; (23) 15, 24, 34, 35, 
36,47. 

by steam trawler off Ord of 

Caithness, (23) 15, 37, 38. 

by steam-trawlers on deep- 
water grounds, (19) 67, 71 ; (20) 114. 

by steam-trawlers on Smith 

Bank, (20) 95, 96, 106, 114; (21) 18; 
(22) 25, 30, 36, 43, 45 ; (23) 13, 22, *24, 
31, 44, 48, 57. 

by steam-trawler on ** Witch 

grounds/*^ (23) 13, 17, 26, 39, 50. 

Trebius caudatus, (9) 306 ; (18) 155. 

Tremadota parasita, (19) 137 ; (20) 299 ; 
(22)278; (23)115. 

Tricho-plankton, characters of , {16)302. 

TricJiop^etta, (18) 366. 

Trichotropis barecUis, (15) 119. 

Tr^oris perversa^ (15) 118. 

Trxgla atculus. See Gurnard, red. 

gumardus. See Gurnard, grey. 

hirundo. See Gurnard, sapphirine. 

lineata. See Gurnard, streaked. 

htcerma. See Gurnard, lanthom. 

ob8cura. See Gurnard, lanthom. 

Triglops murrayi, (13) 165 ; (16) 8 ; (18) 
276. 

TriloctUina bnmgniartii^ (7) 313. 

oblanga, (7) 312. 

Triopa clavigera, (15) 116. 

Tripos-plankton, characters of, (15) 302. 

Trtstoma coccineuniy (19) 144. 

molije, (19) 144. 

Trkoita gMosa, (14) 160 ; (19) 262. 

Tritonia hombergi, (15) 117. 

Trivia europcea, (15) 118. 

Trochamina ii^UUa, (8) 315, 322; (16) 
275. 

macrescensy (8) 315. 

ochracea, (8) 315. 

plicata, (16)275. 

rcbertsoni, (16) 275. 

squamata, (15) 166. 

squamcUa-gordialiSf (8) 314, 

Trochopus lineatue, (19) 143. 

Trockus granuUUuSy (15) 168. 

lymaii, (8) 331. 

montaaUi, (8) 331. 

tumidua, (6) 231. 

zizyphinu8y (8) 331. 

Trophon muriccUus^ (15) 118. 

trunccUus, (15) 118. 

Trophonia glauca, (15) 158. 

Trout, catarrh of gills of, (12) 294. 

common, parasites of, (19) 132. 

sea- (Salmo truUa), (18) 287. 

spawning period of, (4) 252. 

TrunccUulina lobcUtUa, (9) 288 ; (15) 167. 

ungerianOf (16) 277. 

TryUumeUa angustata^ (9) 274. 

Trygon paalitiaca. See Ray, sting. 

Ttyphana malmi, (22) 243, 256. 
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Tryphoaa cUialay (7) 327. 

horringii, (14) 158. 

Itmgipes, (7) 320 ; (22) 267. 

nanoides, (22) 266. 

«ir«, (15) 137. 

TryphoseUa htyrringii, (19) 258 ; (20) 623. 
Tryphosites longipes, (15) 137. 
TuD-fish. See Gurnard, sapphirine. 
Tvhifex rimdorum, (9) 273. 
Tumour attached to stomach of a saithe, 

(13) 236. 
Tumour, cystic, in head of cod, (4) 215. 

from a tunny, (11) 392. 

Tumours, caseous, in muscels of hake, 

(3) 76. 

in haddock and cod, (10) 323. 

multiple, in plaice and flounders, 

(3)66; (4)214; (11)391. 
Tunny (Orcynus thynnus), (18) 277. 
description of one caught in Firth 

of Forth, (4) 206. 

parasites of, (4) 207. 

skeleton of, (12) 272. 

spawning period of, (4) 245. 

Tupper, Sir Charles, (8) 359 ; (6) 192. 

Turho polittis. 

Turbmilla rxija, (16) 121. 

Turbot {Rhombus maximwi)^ (15) 112; 

(18) 285, 367. 

abnormal specimen of, (2) 80. 

cross-fertilisation of, with lemon 

dab, (8) 358. 

development of, (13) 14, 224. 

distribution of, (21) 51. 

distribution of adult and immature, 

(8) 171 ; (21) 51. 

distribution of young, (10) 279. 

eggs and larvse of, (12) 19, 222. 

eggs of, (7) 304 ; (8)285; (10) 274; 

(13) 14, 224; (14) 151, 172; (15) 187; 
(16) 91, 114 ; (17) 82, 83, 84. 93, 96, 
104. 

eggs of, distribution of, ( 15) 242, 250. 

experiments in breeding of, (14) 150. 

fecundity of, (9) 262. 

food of, (7) 234, 240 ; (8) 249, 250, 

262, 253, 265 ; (20).312, &c. ; (21) 52. 

growth of, (11) 195. 

hatching of, (12)- 11; (13) 9, 131; 

(14) 150; (16) 219. 
larvsB of, (13) 14, 244. 

mature and immature, (8) 380. 

migrations of, (11) 189 ; (21) 51. 

minimum size at maturity of, (8) 

161, 162, 163. 
parasites of, (18) 162, 165 ; (19) 137, 

poet-larval forms of, (7) 307. 

proportion of males to females, (8) 

349. 
relation of length to weight in, (22) 

144, 216. 
remarks on gravid forms at Dunbar, 

(13) 244. 

sexual proportions of, (10) 239. 

size-limit between mature and 

immature, (22) 18. 
spawning period of, (4) 250; (7) 

192; (8)264; (10)232, 236; (15)242; 

(17)98. 



Turbot, spawning places of, (7) 192 ; (8) 

264. 

young of, (11)246. 

Turkey as a market for Scottish-cured 

herrings, (7) 164. 
Turner, Sir William, (20) 541. 
TurrUdla, (7) 347 ; (20) 497. 

terebra, (15) 119 ; (20) 522. 

Turtonia mintUa^ (15) 125. 

Tusk {Brosmius brosme), ( 10) 260 ; (21 ) 63. 

development of, (10) 289. 

eggs of, (10) 288 ; (16) 91, 114, 115. 

fecundity of, (9) 259. 

parasite of, (18) 180. 

sexual proportions of, (10) 239. 

small size of testes of, (10) 240. 

spawning period of, (4) 249 ; (7) 196. 

Tweed, micro-organisms in water of, (4) 

179, 184 ; (6) 332. 
Typhlotanais hrevicomie, (19) 268 ; (20) 

479. 



U 



Udonella caligorum^ (19) 144. 

Uitciola plantpes, (17) 265 ; (19) 266 ; (20) 

479, 511, 620. 
Undinopsis hradyi, (18) 384 ; (20) 461. 
United States as a market for Scottish- 
cured herrings, (7) 169. 
fishery work in, (6) 301 ; (7) 388 ; 

(8) 363 ; (9) 401 ; (10) 342 ; (12) 393 ; 

(13) 336. 
money spent on fisheries in, (12) 

393. 
piscicultural work in, (9) 402 ; (13) 

336. 
report on fishery industries of, (7) 

388. 
work of Fish Commission, (6) 14, 

16, 30 ; (8) 363 ; (12) 393 ; (14) 8. 
Urcuter rubens, (7) 347. 
UrothoU eleganSf (8) 327. 

marina, (14) 159 ; (15) 138; (18) 401. 

norvegica, (15) 138. 

pulchella, (14)159. 

Use of small-meshed nets in the herring 

fishing, (6) 295. 
UtriaUus oblusus, (20) 510. 
Uvigerina angnloaa, (8) 316 ; (16) 277. 



Vaabsild, (17) 282. 
Vagimdina legumeii, (16) 277. 

linearis, (7) 314. 

Valvata cristcUa, (9) 271, 284, 288; (16) 

320; (17)169. 
piscinalis, (8) 336; (9) 271, 276, 

281,285; (12)285; (13)249; (16)320; 

(17) 139, &c. 
Valmtina austriaca, (16) 275. 
Variability of characters in species, (18) 

294. 

various forms of, (18) 207. 

Variation in the size of fishes' eggs, (13 

15, 271. 

of lobster mesalops, (33) 83. 

Variations, methoa of treating, (18) 201. 
Varigny, M. de, (12) 297. 
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VaurUJunnpsonia crist€Ua, (14) 158 ; (15) 

134. 

roseay (4) 164. 

Vela, Senor R. Gutierran, (8) 21, 363 ; 

(9) 389, 421 ; (11) 487 ; (12) 403. 
VduteliaflexUis, (15) 120. 
Velutina Imvigata, (15) 120. 
Vendace (Coregonua vandesius), spawning 

period of, (6) 252. 
VenUia gracilis, (6) 253. 
Venus c€Lmna, (15) 127. 

faaciata, (15) 127 ; (20) 627. 

gallinay (15)127. 

minima, (8) 331. 

ovata, (15) 127. 

Verasper, (18) 352. * 

Vermes of Loch Fyne, (15) 157; (16) 273. 

pelagic, of Firth of Forth, (16) 190. 

Vermiculum bicame, (7) 313. 

oblongum, (7) 312. 

Venieuilina polvstrophay (16) 275. 
Verrucca stromta, (6) 237 ; (15) 155. 
Vertebrae of fishes, lines of growth in, 

(23) 130. 
Vert^jralina striata^ (7) 312. 
Vertigo antiveitigo, (14) 168, 169. 
VeaiaUaria epinoaa, (15) 157. 
Virbivsfasctger, (6) 260. 

variansy (6) 260. 

Virgularia mirahilisy (15) 163. 
Virgulina schreiberaianay (7) 315; (16) 

276. 
Vitality of eggs of ballan wrasse, (5) 

246. 

' of fishes caught in trawl-nets, 

of younc loraters, (23) 67. 

Viviparous blenny. See Blenny, vivi- 
parous. 
Volvox glchcUoTy (9) 275. 
VolvtUa aaiminata, (15) 115. 

W 

Waddington, Mr H. T., (22) 125. 
Walker, Mr A. 0., (10) 244. 
Wallace, Mr WilUam, (14) 223. 
Walpole, Sir Spencer, (10) 173. 
Wattel, M. Raveret, (7) 384 ; (8) 21 ; (11) 

21, 487; (13)16. 
Weber, Prof. Max, (6) 306. 
Webster, Mr H. A., (7) 384. 
Weever, young stages of, (9) 324. 
greater and lesser, question of 

specific distinction of, (4) wj. 
greater {Trachinus cfroco), (4) 207 

(7)326; (8)357. 
spawning period of, (4) 244 

(7) 197. 
lesser {Trachinus mp€ra)y (4) 207 

(18) 277 ; (21) 69. 
eggs of, (14) 223 ; (16) 114 

(17) 83, 93796. 

embryo of, (16) 214. 

fecundity of, (9) 251. 

food of, (20) 486, 493. 

larger on East Coast than on 

West, (21) 71. 

migration of, (21) 70. 

proportion of sexes in, (21) 70. 



Weever, lesser, size of males and females, 

(21) 70. 

spawning period of, (4) 244. 

Weirs, destruction of immature fish by, 

(8) 190. 

fishing by means of, (8) 190. 

Weldon, Mr W. F. R., (6) 299 ; (8) 361. 
West Coast expedition of ** Garland," 

(11) 15, 23, 167. 

fishinff ground on, (7) 5. 

of Scotlana, vertebrate fauna of, (7) 

386. 
WestuxxxUa carinatay (8) 326. 
nobilisy (4) 162; (6)240; (15)152; 

(21) 130. 
WestiooodiUa ccBculay (10) 263. 

hyalinoy (10) 263. 

Whale, notes on Greenland whalebone, 

(7)365. 
Whales in Spanish waters, (8) 370. 
Whelks, injuries to hooked fishes by, (4) 

204. 
WhiflF. See Megrim. 
Whitch. See Witch. 
White, Dr P., (7) 386. 
Whitebait, (22) 171. 

nature of, (4) 98. 

Whitefish (Caregonus clupetformis), com- 
position of, (5) 228. 

digestibiUty of, (5) 228. 

Whiting {Oadus merlangus), (18) 282. 
age of, at first-maturity, (19) 189 ; 

(20)400. 

arrangement of muscles in, (4) 168. 

cross-fertilisation of, wiUi grey 

. gurnard, (8) 358. 

distribution of adult and immature, 

(8) 175. 

distribution of eggs of, (16) 225. 

eggs of, (7) 306; (8) 284; (16) 91, 

114 ; (17) 82, 83, 84, 93, 96, 103, 106. 

fecundity of, (9) 266. 

food of, (5) 317 ; (7) 230, &c. ; (8) 

231, 243, 249, 261, 252, 253, 255, 256 ; 

(9) 230, 235, Ac ; (10) 217, 227. 231 ; 
(20) 486, 513. 

growth of, (8) 175 ; (11) 196; (15) 

204 ; (19) 154, 166 ; (20) 335, 368. 

^wth of, comparative, in difierent 

regions, (20) 399. 

immense shoals of young, in Firth 

of Forth, (8) 176. 

in Loch Fyne, (4) 232 ; (15) 111. 

Urvaof, (16)215. 

life-history of, (15) 194. 

mature and immature, (8) 175. 

parasites of, (18) 178 ; (19) 121, 146, 

149 ; (23) 108. 

pelagic habit of young, (20) 387. 

post-larval forms of, (v) 308. 

proportion of immature, landed by 

trawlers, (22) 19. 

proportion of males to females, (8) 

349. 

relation of length to weight, (22) 

144, 148, 224. 

sexual proportions of, (10) 239. 

size, average, at maturity, (22) 160. 

size-limit between mature and im- 
mature, (22) 18. 
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Whiting, size, minimum, at maturity, (8) 
161, 1G2, 163. 

size of, at first -maturity, (19) 189 ; 

(20)339. 

sizes of, (14) 144. 

spawning areas of, (15) 227. 

spawning period of, (4) 247 ; Xl) 194; 

(8) 267 ; (17) 97 ; (19) 185 ; (21) 20. 
vertical distribution of early stages 

of, (19) 187. 
young, caught in bag-net fishing for 

sprats, (23) 157. 
on deep-water grounds, (19) 

289. 
Couch's (Oadmpoutassofi), (18) 283; 

(19) 284. 
occurrence of, in Firth of Forth, 

(20)639. 

spawning period of, (4) 247. 

pout. See Bib. 

Widegren, (4) 102. 

Wigton Bay, occurrence of anchovy in, 

(23)252. 
Williamson, Dr H. Chas., (11) 17, 265, 

490 ; (12) 19, 298, 322 ; (13) 14, 15, 192, 

258, 271 ; &c. 
Wilmot, Mr S., (9) 396 ; (10) 335 ; (11) 

493. 
Wilson, Dr John, (4) 218 ; (5) 247. 

Mr Peter, (4) 265. 

Wind, annual resultant of monthly means, 

(15) 356. 
effect of, in changing density of 

water in Loch Fyne, (15) 264. 
effect of, in changing temperature of 

water in Loch Fyne, (15) 264. 
effect of, on suriface currents, (15) 

356. 
Winds, prevailing, in the North Sea, (15) 

360. 
Witch {Pleuronecte8cynoglo8»us)f (15) 112; 

(18)286,353; (21)49. 

abundant in Moray Firth, (21) 49. 

ace of, (22) 195. 

distribution of, (21) 49. 

distribution of young of, (22) 190. 

duration of post larval period, (22) 

270, 271. 
eggs of, (16) 91, 114, 116; (17) 82, 

83, 84, 93, 104. 
time taken by, to hatch, (22) 

186. 

fecundity of, (9) 264. 

food of, (7) 226, 238, 239, 246 ; (8) 

231, 237, 250, 254 ; (9) 226, 238, 342 ; 

(10)214,223; (21)223. 

growth of, (22) 186. 

mature and immature, (8) 172. 

post-larval, (22) 187. 

post-larval and early young stages 

of, (22) 270. 

poet-larval and young, (22) 270. 

proportion of immature, landed by 

trawlers, (22) 19. 
proportion of sexes among, (8) 349 ; 

(22) 196. 

rarity of young, (21) 49. 

relation of length to weight, (22) 

144, 210. 
sexual proportions of, (10) 239. 



Witch, size-limit between mature and im- 
mature, (22) 18. 
size, minimum, at maturity, (8) 161, 

162, 163. 
size of, at maturity, (10) 238; (22) 

195. 
spawning period of, (4) 251 ; (7) 190; 

(8) 2&3 ; (10) 234 ; (17) 99 ; (22) 186. 

sole. See Witch. 

Wolf -fish. See Cat-fish. 
"Wonderkuil" fishery in Zuiderzee, (6) 

306 ; (8) 366. 

fishing-net, (8) 167. 

Wondyrchroum, ancient trawl-net, (8) 

157. 
Wood's Holl Station, U.S., Fish Com- 
mission, (6) 302. 
Woodall, Mr John, (12) 205. 
Woodhead, Professor G. Sims, (3) 76 ; 

(4) 176. 
Worms, parasitic, on fish, (19) 137. 
Wrasse, ballan {Lttbrus maculatiis), (4) 

232; (15) 111; (18)281. 

food of, (4) 210. 

larvae of, (5) 246. 

ova, fry, and nest of, (6) 246. 

parasites of, (19) 139; (23) 

109, 116. 

spawning period of, (4) 246. 

small-mouthed. See CentrolaJbrxis 

exoletus, 

rainbow {Coria jtUis), (18) 282. 

striped {Labrue mixtus), (4) 232; (16) 

111;(18)28L 

food of, (21) 221. 

parasites of, (19) 127 ; (20) 291, 

293. 



XarUho hydrophilue, (18) 404. 

incisus, (18) 404. 

XarUhocalanus harealU, (20) 449, 462. 
Xeatoleheris aurantia, (7) 318 ; (16) 143. 

depressa, (6) 244 ; (16) 143. 

Xiphichilus tenuissimus, (6) 246. 
Xylophaga dorsalis, (14) 158 ; (16) 128. 
Xystreurys, (18) 352, 356. 



Yarrell's blenny. See Blenny. 

Yolk of teleostean eaga, chemical com- 
position of, (16) 136/ 

of teleostean eggs, physical charac- 
ters of, (16) 136. 

. See Eggs. 

Younff fishes, destruction of, by sprat 
and sparling fishermen, (23) 156. 

lobsters, food of, (23) 69, 70. 

vitality of, (23) 67. 



Z 



Zaus goodsiri, (8) 319 ; (16) 269 ; (19) 250. 

oralis, (8) 319. 

spinatua, (4) 163 ; (6) 241 ; (16) 162 ; 

(16) 268, 260. 
Zeua/aber, See John Dory. 
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Zeugopteru8 megcLStotna, See Meffrim. 

norvegicus. See Topknot, Norway. 

punctcUus. See Topknot, Mullere. 

unima>c\datu8. See Topknot, one- 
spotted. 

Zippora menibraruicea, (16) 119. 

Ztzyphinus millegranufi, (15) 122. 

numtagui, (15) 122. 

zizyphinus, (15) 121. 

Zoarces viviparua. See Blenny, vivi- 
parous. 

ZoUa. of Carcinus memos, (21) 139. 

of edible crab, (18) 88. 



Zoea of lobster, (23) 67. 

of shrimp, (19) 114. 

Zoantharia, (10) 266. 

Zones of growth in skeletal structures of 

fishes, (23) 125. 
Zonites radiatidm, (14) 168, 169. 
Zosime Jusi/ormis, (18) 390. 

0pinulosa, (9) 301. 

typica, (11) 202; (15) 149; (19) 

248. 
Zuiderzee as a nurseiy for plaice, (9) 414. 

fisheries in, (8) 366 ; (9) 414. 

fishes which spawn in, (8) 368. 
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The Young op thb Conger (Leptocephalua). 

In last year's Report I described and figured two specimens of 
Lepiocephahis,* both taken in the Moray Firth, one in December and 
the other in February. On 4th May last the Laboratory attendant, 
while using a small trawl of very fine netting, fitted on an iron frame, 
like a dredge-frame, for the capture of newly-transformed flat-fishee, 
caught a third specimen, and part of another. The drag was made in 
Aberdeen Bay, opposite the Bathing Station, in from four to five 
fathoms of water, and the fish in the net were brought ashore alive and 
placed in a tank in the tank-house at the Marine Laboratory. Next 
morning, on examining the tank, the Leptocephalus was discovered 
alive, concealed in a chink. Besides this living specimen, the head part 
of another of apparently the same stage and dimensions was found 
adhering to the net ; it had been cut off about a centimetre behind the 
head, probably by the action of the edge of the iron frame dragged 
along the bottom. Other similar hauls in the same locality were made 
on succeeding days, but no other specimens were secured. 

The living specimen was transferred to a large glass basin, on the 
bottom of which sand was strewn, and a stone with sea-weed growing 
on it was (daced in the centre. Tow-nettings and also collections of 
Crustacea from the beach, as well as minced mussels latterly, were 
placed in the tank. Here the young conger lived and thrived until 
13th June, when it disappeared. It was observed by the attendant in 
the morning, but was missed a few hours later. The overflow was 
carried away by two S shaped glass tubes, acting as syphons, and 
removing the water at a little distance below the surface, llie bore of 
these tubes was about four millimetres in diameter, and it is not easy to 
understand how the LeptooephaliLB could have made its exit through 
either of them. 

As it was desired to rear it if possible, it was not removed from the 
vessel for examination. So far as could be judged, it was about five 
inches in length and about a centimetre in breadth, and corresponded 
closely to the second of the two forms described last year, and identified 
as L. puiusUttuSf of Kaup. The myotomes and the median row of black 
dots could be seen distinctly, but none were observed on the ventral 
margin. It was slightly whitish, but translucent and almost trans- 

♦ Twenty-Second Annual Report of the Fishery Board Jor Scotland, Part III., p. 281. 
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parent, and its eyes were the only conspicuous part of it, the silvery lustre 
contrasting with the intense black pigment, of which there was also a 
somewhat triangular patch on tbe upper suriFace. 

At first it habitually lurked in concealment under the overhanging 
edge of the stone, only its head being visible. On being disturbed its 
first movement was to withdraw the head also, but if the disturbance 
continued, it came out from its lair and swam slowly round the vessel, 
close to the sand, with an undulatory or serpentine movement, stopping 
every now and again and swaying its head to one side or tiie other as if 
examining the bottom, which it occasionally tapped suddenly with its 
snout. Later, it took up a position on the top of the stone, among the 
weeds, with its body entwined among the stems. 

In the part of the other specimen, examined later after preservation 
in formaline, the depth behind the head was 6mm. and the thickness 
3mm., the diameter of the eye being l'5mm. The lower jaw was con- 
spicuously longer than the upper, projecting considerably beyond it ; 
minute dots of dusky pigment existed on the tip of the snout, and still 
more markedly on and around the tip of the lower jaw, extending 
backwards under it. The tissues had a solid consistence. This speci- 
men thus appears to differ somewhat from the one I described last year. 

Thb Anchovy {Engrardis encrdsiehclus). 

In some previous reports I have described the occurrence of the 
anchovy in Scottish waters.* Ou 29th June, last year, a specimen was 
taken in a sparling (or smelt) net, near Creetown, Wigton Bay, and 
was sent by Mr. W. Poole, of that place, to Mr. R. Duthie, the Fishery 
Officer of the district, whom I have to thank for the specimen. Com- 
pared with other Scottish specimens that have come into my hands, it 
is unusually large. The end of the tail is damaged, and its length, as it 
is, is 178mm., or 7 inches, but when perfect it probably measured about 
184mm. According to I>ay, the anchovy rarely exceeds 6 j inches, but 
he mentions that Dunn has obtained specimens off the Cornish coast 
measuring eight inches in length. 

The Catfish {Anarrhicha^ hipua). 

The spawning period of this fish has not yet been well determined; 
it may therefore be worth while recording that on 6th August last, 
among a number which were caught by a trawler in 49 fathoms, six 
miles north-west of Foula Island, which lies to the westwards of the 
Shetlands, some of the females had the eggs well advanced. The fish 
were opened by Captain Samuel Caie and the eggs were sent in bottles to 
the Marine Laboratory. In three cases the eggs measured from 3mm. 
to 4mm. and were obviously immature, but in one instance they were 
fully mature, measuring 6mm., and bhey were isolated and separate, and 
apparently ready for extrusion. 

Mcintosh and Masterman t are probably right in supposing that the 
main spawning time of this fish is from November to January, with a 
margin on either side ; but the existence of a fully ripe female at the 
b^inning of August shows that spawning may b^in much earlier than 
November. 

An Albino Plaice. 



I am indebted to Mr. James Robb for a specimen of an albino plaice 

♦ Eighth Annual RtpoH of ike Fishery Board for Scotland^ Part III., p. 861 ; 

Twentieth, ibid,, p. 639. 
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which Was caught by the steam trawler "Chinkiang," 26 miles S.-E. by 
E. from Aberdeen in March last, and which was received alive at the 
Marine Laboratory. It was 14| inches in length and was everywhere 
destitute of pigment, except on the upper surface of the head and gill- 
cover and at the root of the ventrals, where a small patch existed. The 
ocular side was as white as the blind side. The fish was put into a tank 
along with other flat-fishes and was exceedingly conspicuous as it lay on 
the bottom. It lived for over two months and was found dead on 19th 
May. 

In the Report for last year * I described another albino plaice, so 
that they are not extremely rare. 

The specimen above described was interesting also as giving an 
example of the tenacity of life in this species. It was caught by the 
'' Chinkiang " about two in the morning, put with the other plaice and 
brought to market ; it was being packed in a box in the usual way about 
ten o'clock, when it was discovered by Mr. Robb, who sent it to the 
laboratory in fresh water as prefeittble to the impure water of the 
harbour. 

The Spawning op the Cod in Autumn in the North Sea. 

Under this title, I contributed last year to the PubUcaHons de 
Oirconstance (No. 8, 9) of the International Council for the Exploration 
of the Sea, a paper in which I described the occurrence of shoals of 
spawning cod in autumn, on a ground known as the ''Reef," lying 
about 180-190 miles E. by N., or E. by }-N., from Aberdeen, that is to 
say, close to the deep water of the Norwegian Channel, and about 
seventy or eighty miles from the coast of Norway. A few additional 
observations on the subject may be here mentioned. 

Last year the fishing on this ground was begun about the middle of 
July by one of the steam liners (the " Vigilant "), and later by others, 
and it was continued till late in the year. Mr. Forbes, the skipper of 
this vessel, informed me that the grounds on which they were fishing 
were situated 195 and 196 miles E. |-N. from Aberdeen in 55 and 56 
fathoms of water. He states that there is another patch of rough 
ground about 50 miles to the northwards where they also get spawning 
cod in autumn. In August I noticed the ripe cod in the fish-yards and 
traced them to the " Reef '' grounds, and I got Mr. Forbes to keep a 
tally of the cod taken on two of his voyages. The first occasion was 
30lji August and the position was 165 miles E. |-N., the depth being 
56 fathoms. The number of cod caught was 18 score, or 360 fish, and 
the number from which the milt or eggs were observed to be running 
as they were brought on board was 37 males and 28 females, or nearly 
19 per cent. On this occasion, I was informed, the vessel was not quite 
on the proper grounds ; they were a little too far north and, owing to 
fog, they were unable to see the sun to determine their position. When 
on the right ground, they say that practically all the cod taken are 
either spawning or full, or spent. The next occasion was the 14th 
September, the position being nearly the same, viz., 196 miles E. |-N., 
and the depth 55 fathoms. Forty-one score of cod, or 820 fish, were 
taken, and the number observed to be " running " was 83 females and 
67 males, or again nearly 19 per cent. One or two ling were also found 
to be spawning, but as a rule they were beginning to "fill up." 

It is of interest to note that the largest average catches of cod 
obtained by the Aberdeen steam-liners are taken from the area in 

»Page 286. 
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which these grounds are situated. The statistics of the vessels in 1903, 
for which I am indebted to Professor D*Arcy Thompson, show the 
following, in cwts. per 100 lines used, for Square XX., in which the 
"Reef"Hes:— 





Jan. 


Feb. 


Mar. 


April. 


Maj. 


Jane. 


July. 


Aug. 


Sept. 


Oct 


Nor. 


Dec. 


Cod. . . 
Codling, . . 


•• 


.. 




800 


6-76 


It 


92-8 
At 


114-8 
87-6 


1011 
6-24 


143-1 


109-0 
6-2 





And the complete statistics for the various Squares in the North Sea, 
in which the vessels fished in the last five months of the year are 
these : — 





XIII. 


XVL 


XML 


XVIII. 


XX. 


XXI. 


XXII. 


XXIII. 


XXI\\ 


XXV. 


XXVI. 


XX\1II. 


XXIX. 


Auguit, • 

October, • 
November, - 
December, 


83-8 


75 


40-9 
09- 


28-6 
31 -S 


114-8 
1611 
1481 

100-6 


65 1 


20-2 
42-4 


18-8 
81-9 
63-5 
54- 


85 
60 


174-2 


08-7 


841 


0-8 
0-6 
89-6 
44« 
64 1 



Square XXV., it may be said, lies to the south of XX., contiguous 
with it. 

Pr. Hjort, of the Norwegian Fishery Board, who visited the grounds 
in the ''Michael Sars," the Norwegian investigation steamer, last 
August, has pointed out as an interesting fact that the temperature at 
the place where the spawning cod are found in autumn is the lowest 
for the year in the locality, while on the coastal banks, where the 
spawning takes place in spring, the temperature is also at the lowest 
during the spawning time» 
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